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Effects of Hardened Low-Water Crossings on Stream Habitat,
Water Quality, and Periphyton in Four Streams at the Fort Polk

Military Reservation, Vernon Parish, Louisiana,
October 1998 Through November 1999

By Roland W. Tollett, Barbara W. Bryan 1 , andC. Frederick Bryan

ABSTRACT

At the request of the U.S. Army Joint Readiness Training Center and Fort Polk, the U.S. Geological 
Survey is studying the potential effects of hardened low-water crossings on selected streams located in the 
eastern section of the Fort Polk Military Reservation, Louisiana. The crossings are constructed on Big 
Brushy Creek, an unnamed tributary to Big Brushy Creek, an unnamed tributary to East Fork of Sixmile 
Creek, and Little Brushy Creek. The hardened low-water crossings were constructed to allow military 
vehicles to pass through riparian zones and streams with minimal effect on existing vegetation and aquatic 
life. These modified crossings could affect stream habitat, water quality, and periphyton upstream and 
downstream from the crossings.

Low-water crossing sites were evaluated from October 1998 through November 1999 for potential 
effects on stream habitat, water quality, and periphyton. Habitat data collected upstream and downstream 
from each of the four crossing sites indicated banks were stable, bank angles were steep, and canopy angles 
were low before and after crossing modifications. Habitat data collected at each of the low-water crossing 
sites indicated banks were not stable, bank angles were low, and canopy angles were high before crossing 
modifications. The low-water crossing modifications increased bank and slope stability near the crossing, 
which can reduce soil erosion into the streams.

Water-quality data collected before and after modifications indicated streams were acidic, with field 
measurements of pH ranging from 4.4 to 6.5, and were poorly buffered, with field measurements of acid 
neutralizing capacity ranging from 1.6 to 6.7 mg/L (milligrams per liter). Field measurements of specific 
conductance ranged from 16 to 36 microsiemens per centimeter at 25 degrees Celsius. Concentrations of 
nutrients and major inorganic ions were low (less than 3 mg/L). Relative to concentrations of other major 
inorganic ions in the streams, silica concentrations were high, ranging from 7.7 to 13.0 mg/L. 
Concentrations of all water-quality constituents analyzed were typical of small streams in this area.

Few differences in stream habitat and water quality were observed before and after crossing 
modifications at Big Brushy Creek, unnamed tributary to Big Brushy Creek, and unnamed tributary to East 
Fork of Sixmile Creek. Geomorphic channel units at the hardened low-water crossings were similar to those 
observed at the upstream and downstream reaches. The height and grade of the low-water crossings allowed 
movement of sand, silt, and gravel in the crossings, similar to bed sediment movement observed in the 
upstream and downstream reaches. Statistical results indicated that concentrations of 15 of the 17 water- 
quality constituents analyzed were not significantly different upstream and downstream from these three 
crossing sites. Although concentrations of two water-quality constituents were statistically different, the 
waters containing these constituents were not chemically different.

Changes in stream habitat and differences in water quality were observed after crossing modification 
at Little Brushy Creek. The height above the streambed and grade of the hardened low-water crossing 
restricted flow, and caused: (1) an increase in velocity across the hardened crossing, (2) an increase in depth

Louisiana State University, School of Renewable Natural Resources



(about 1.5 feet) at the upstream reach, and (3) dissolution of the carbonate foundation material. These 
changes probably caused the chemical differences observed in the concentrations of calcium, magnesium, 
bicarbonate, and acid neutralizing capacity between the upstream and downstream sites. Based on results 
of habitat assessment and water-quality analyses, the U.S. Army reconstructed the low-water crossing at 
Little Brushy Creek by lowering the crossing height to eliminate the ponding effect upstream from the 
crossing and by replacing the carbonate foundation material with calcium-free aggregate to eliminate the 
chemical differences observed downstream from the crossing.

Periphyton were used to monitor effects of low-water crossing modification because of their 
sensitivity to changes in stream water quality and habitat. Statistical analysis of 325 periphyton samples 
indicated that the periphyton in the streams were not affected by the low-water crossing modifications. The 
variability observed in the analysis of the periphyton samples was due primarily to seasonal changes in 
periphyton community structure. Major composition of the periphyton community included diatoms, green 
algae, and a red algal species. Analysis of periphyton community samples collected at sites near the low- 
water crossings indicates that these streams are oligotrophic (low nutrient concentrations and low biological 
production) and generally unaffected by anthropogenic activities.

INTRODUCTION

Streams at the Fort Polk Military Reservation, Louisiana (hereinafter referred to as the Reservation) 
(fig. 1) generally run north to south between long ridge lines. Roads have been developed along the tops of 
the ridges; east to west travel has been more difficult, however, and has depended upon development of roads 
leading from the ridge tops, down into the stream bottoms, and across the narrow, sandy-bottomed streams. 
Hardened low-water crossings were constructed with concrete blocks on selected streams to allow military 
vehicles to pass through riparian zones and streams with minimal effect on existing vegetation and aquatic 
life. These modified crossings were constructed at locations that previously had served as fords.

Little information was available on whether the modified crossings could affect the stream habitat, 
water quality, and periphyton upstream and downstream from the crossings. Information and data were 
needed to describe the water quality (defined as the fitness of water for use, being affected by physical, 
chemical, and biological factors) before and after modifications in the selected streams. Preserving the 
natural conditions of the streams is of great importance to the U.S. Army and Fort Polk. From October 1998 
through November 1999, the U.S. Geological Survey (USGS), at the request of the U.S. Army Joint 
Readiness Training Center and Fort Polk, studied effects of the crossing modifications on selected streams 
at the Reservation (fig. 1).

The streams designated for the modified crossings were Big Brushy Creek, an unnamed tributary to 
Big Brushy Creek (hereinafter referred to as Tributary to Big Brushy Creek), an unnamed tributary to East 
Fork of Sixmile Creek (hereinafter referred to as Tributary to East Fork of Sixmile Creek), and Little Brushy 
Creek (fig. 2). These streams were located in the eastern section of the Reservation. The crossing 
modifications were completed by June 1999, and military vehicles began to cross them routinely during field 
training exercises.

Purpose and Scope

This report documents the effects of hardened low-water crossings on stream habitat, water quality, 
and periphyton in four streams at the Reservation. Descriptive information and data on the watersheds and 
streams are included. Field, laboratory, and statistical methods used in the collection of water-quality and 
periphyton data by the USGS are described, and all data collected are presented. Knowledge of upstream 
and downstream water-quality conditions before and after modification of the low-water crossings will aid 
the U.S. Army in assessing potential effects of crossing modifications on small streams draining the 
Reservation.
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Stream habitat data are presented for three reaches of each stream discussed in this report. These 
reaches include the four low-water crossings, and a reach upstream and a reach downstream from each 
crossing. The length of each upstream and downstream reach was approximately 10 times the width of the 
stream at the center transect of the reach. Habitat data were collected in October 1998 prior to modification 
of the low-water crossings, and again in November 1999 after the modifications were completed. Water- 
quality data for 6 physico-chemical properties and 19 chemical constituents are presented for one site 
upstream and one site downstream from each of the four hardened low-water crossings at the Reservation. 
Water-quality data were collected before and after modification to low-water crossings in Big Brushy Creek, 
Tributary to Big Brushy Creek, and Tributary to East Fork of Sixmile Creek. At Little Brushy Creek, water- 
quality data were collected only after the low-water crossing modification, because the hardened crossing 
was completed earlier than anticipated. Data presented for the eight sampling sites include (1) stream 
physico-chemical properties: specific conductance, pH, temperature of air and water, concentration of 
dissolved oxygen, and acid neutralizing capacity; (2) chemical data concentrations of nutrients, major 
inorganic ions, total dissolved solids, iron, and manganese; and (3) periphyton data. Monthly periphyton 
samples were collected from four substrates (three natural and one artificial) before and after crossing 
modifications, from November 1998 through October 1999, in Big Brushy Creek, Tributary to Big Brushy 
Creek, and Tributary to East Fork of Sixmile Creek. Periphyton data for Little Brushy Creek were collected 
after low-water crossing modification. Periphyton data are presented from 325 samples collected from the 
sites upstream and downstream from the four low-water crossings.

Description of Study Area

The study area is located in east-central Vernon Parish, in west-central Louisiana, and includes the 
eastern half of the Reservation (fig. 1). The study area is located on a topographic high near the headwaters 
of the Calcasieu River. The streams in the study area are Big Brushy Creek, Tributary to Big Brushy Creek, 
Tributary to East Fork of Sixmile Creek, and Little Brushy Creek (fig. 2). These are small (first- and second- 
order) streams that drain hilly, densely forested, piney uplands.

The land is used primarily for military training and forestry. Altitudes near the headwaters of the 
streams range from 355 feet above NGVD 29 at Big Brushy and Little Brushy Creeks to about 335 feet 
above NGVD 29 at Tributary to Big Brushy Creek and Tributary to East Fork of Sixmile Creek. Altitudes 
of the drainage basin outlets range from 240 feet above NGVD 29 in Little Brushy Creek and Tributary to 
Big Brushy Creek, to about 215 feet above NGVD 29 in Big Brushy Creek and 205 feet above NGVD 29 
at Tributary to East Fork of Sixmile Creek. Drainage basins in this area are characterized by loamy soils, 
high runoff and infiltration, and rapid changes in stream stage during heavy rainfall.

Each hardened crossing installed in the study area is a flexible pad consisting of cabled or interlocking 
concrete blocks that form a hardened surface path approximately 12 feet wide (Dr. Charles H. Stagg, Chief, 
Environmental and Natural Resources Management Division, Directorate of Public Works, U.S. Army Joint 
Readiness Training Center and Fort Polk, written commun., 2002). The pad was laid along the stream 
bottom at right angles to the channel, and on each side of the channel within the approaching roadways to a 
distance sufficient to prevent erosion of soil into the stream channel. The pad was laid on a stabilized base, 
12 to 24 inches thick, made of aggregate no larger than 1.5 inches in diameter. The crossings were excavated 
to an appropriate depth so that the top of the pad was at the natural height of the stream bottom. Dolomitic 
limestone was used as the base material for the cabled or interlocking concrete pads and washed pea gravel 
was used as the interstitial filler between the individual concrete blocks.

Unconsolidated sedimentary deposits, ranging in age from Miocene to Pleistocene, crop out in 
Vernon Parish and the Reservation. Sediments of the Blounts Creek Member (Evangeline aquifer) of the 
Fleming Formation and Pleistocene deposits are present at the surface in the study area (MeWreath and 
Smoot, 1989). Stratigraphic units and hydrogeologic units are shown in figure 3.
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The climate in west-central Louisiana is humid subtropical. The average annual rainfall for the 5-year 
period 1995-99 was 58.6 inches at the airport in Leesville, Louisiana, 0.8 inches more than the 30-year 
normal for 1971-2000 (Louisiana State Office of Climatology, written commun., 2000). Annual rainfall 
ranged from 46.3 inches in 1996 to 70.9 inches in 1995. The drier months typically are June through 
October. Over the 5-year period 1995-99, the driest 3 months and the average monthly rainfall were June, 
3.1 inches; August, 3.6 inches; and October, 3.6 inches. The wetter months typically are December through 
April. During the period 1995-99, the wettest three months and average monthly rainfall were January, 
7.4 inches; April, 6.7 inches; and December, 6.0 inches.

The average yearly temperature for the 5-year period 1995-99 was 66.1 °F, which is 0.6 °F higher 
than the 30-year normal (1971-2000). During the 5-year period, average annual temperatures ranged from 
65.0 °F in 1997 to 68.0 °F in 1998, and the coldest months and average monthly temperatures were 
December, 50.5 °F; January, 50.3 °F; and February, 53.5 °F. The hottest months and average monthly 
temperatures were June, 79.0 °F; July, 82.7 °F; and August, 81.8 °F.
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METHODS

Methods used to collect and analyze descriptive information and data on stream habitat, water-quality, 
and periphyton are discussed in this section. Stream habitat characterization data were collected at 12 
stream reaches (table 1, fig. 2): 3 on Big Brushy Creek (BBUP, BBLWC, and BBDN), 3 on Tributary to Big 
Brushy Creek (TBBUP, TBBLWC, and TBBDN), 3 on Tributary to East Fork of Sixmile Creek (TEFUP, 
TEFLWC, and TEFDN), and 3 on Little Brushy Creek (LBUP, LBLWC, and LBDN). Water-quality and 
periphyton data were collected at eight sites, one site upstream and one site downstream from each of the 
four low-water crossings. The data for the study were collected between October 1998 and November 1999. 
No historical water-quality data were available for these sites.



Table 1. Data-collection sites, locations, and type of data collected at four low-water crossings at the Fort 
Polk Military Reservation, Louisiana

[ , not available]

Location Type of data collected

Site Downstream Water 
abbreviation Reach location order number Latitude Longitude Habitat quality Periphyton

Big Brushy Creek 

BBUP Upstream from low-water crossing 08013944 31°02'31" 92°54'44" XXX

BBLWC At the low-water crossing   31°02'31" 92°54'44" X

BBDN Downstream from low-water 08013945 31°02'30" 92°54'44" XXX 
crossing

Tributary to Big Brushy Creek 

TBBUP Upstream from low-water crossing 08013939 31°03'13" 92°55'22" XXX

TBBLWC At the low-water crossing   31°03'13" 92°55'22" X

TBBDN Downstream from low-water 08013940 31°03'13" 92°55'21" XXX 
crossing

Tributary to East Fork of Sixmile Creek 

TEFUP Upstream from low-water crossing 08013876 31°02'20" 92°57'53" XXX

TEFLWC At the low-water crossing   31°02'20" 92°57'53" X

TEFDN Downstream from low-water 08013877 31°02'19" 92°57'53" XXX 
crossing

Little Brushy Creek 

LBUP Upstream from low-water crossing 08013955 31°02'48" 92°56'29" XXX

LBLWC At the low-water crossing   31°02'48" 92°56'29" X

LBDN Downstream from low-water 08013956 31°02'47" 92°56'29" XXX 
crossing

Stream Habitat Characterization

Selected stream habitat characteristics were analyzed for the basin, stream segment, and stream reach. 
Using protocols from Meador and others (1993), an initial stream habitat characterization was performed 
during October 1998 at three transects at each of the 12 stream reaches prior to the modification of the low- 
water crossings. Field photographs were taken at all stream reaches before and after modifications of the 
crossings to assist in documenting any changes in habitat characteristics that might occur. Using revised 
protocols from Fitzpatrick and others (1998), a more detailed stream habitat characterization was conducted 
in November 1999 at the same three transects at each of the 12 stream reaches after the crossing 
modifications were completed.



Geomorphic descriptors for basin and stream segment characteristics, such as drainage area; 
perimeter; basin length, relief, and gradient; and perennial stream length and gradient (Fitzpatrick and 
others, 1998), were measured from the 7.5-minute USGS Fullerton Lake quadrangle map (U.S. Geological 
Survey, 1978). Drainage areas for the four basins were calculated using the horizontal plane enclosed by 
the topographic divide where direct surface runoff drains into the stream from a specific point along the 
stream (Sloss, 1971). Drainage areas were measured using a digitizer. Basin gradients were calculated 
using the "85 to 10" slope factor as described by Singh (1992).

Habitat characterization for each stream reach included physical data such as geomorphic channel 
unit; canopy angle; bank width, angle, shape, and stability index; stream bed substrate; and selected riparian 
zone characteristics. These characteristics might be influenced by natural or anthropogenic processes. A 
compass was used to determine downstream flow direction, and a clinometer was used to measure canopy 
and bank angles.

Water Quality

Water-quality data were collected using USGS field methods (Wilde and Radtke, 1998) from October 
1998 to October 1999 for the eight sites, one upstream and one downstream from each of the four hardened 
low-water crossings on the Reservation (fig. 2). Samples were collected during seven periods before and 
after crossing modifications: December 22, 1998; January 26 to 27, 1999; February 24 to 25, 1999; March 
23 to 24, 1999; July 7 to 8, 1999; August 19 to 27, 1999; and September 30 to October 1, 1999. These 
samples were collected seasonally to determine if water quality had natural seasonal changes, no seasonal 
changes, or changes induced by the low-water crossing modifications. Table 2 lists modification dates and 
the number of water-quality sampling events before and after the modifications.

Table 2. Hardened low-water crossing modification dates and number of water-quality sampling events on 
four streams at the Fort Polk Military Reservation, Louisiana

[BBUP and BBDN, Big Brashy Creek, upstream and downstream from crossing; TBBUP and TBBDN, Tributary to Big Brashy
Creek, upstream and downstream from crossing; TEFUP and TEFDN, Tributary to East Fork of Sixmile Creek, upstream and

downstream from crossing; LBUP and LBDN, Little Brashy Creek, upstream and downstream from crossing]

Site name

BBUP and BBDN

TBBUP and TBBDN

TEFUP and TEFDN

LBUP and LBDN

Hardened 
crossing 

modification
Stream date

Big Brashy Creek May 26, 1999

Tributary to Big Brashy May 26, 1999 
Creek

Tributary to East Fork of June 14, 1999 
Sixmile Creek

Little Brashy Creek October 30, 1998

Number of
sampling 

events 
before 

modifica
tion

4

4

4

0

Dates of 
sampling 

events before 
modifica

tion

12/22/1998 
01/26-27/1999
02/24-25/1999
03/23-24/1999

12/22/1998 
01/26-27/1999
02/24-25/1999
03/23-24/1999

12/22/1998 
01/26-27/1999
02/24-25/1999
03/23-24/1999

Number of
sampling 

events 
after 

modifica
tion

3

3

3

7

Dates of 
sampling events 

after
modification

07/07-08/1000 
08/19-27/1999

09/30-10/01/1999

07/07-08/1000 
08/19-27/1999

09/30-10/01/1999

07/07-08/1000 
08/19-27/1999

09/30-10/01/1999

12/22/1998 
01/26-27/1999
02/24-25/1999
03/23-24/1999
07/07-08/1000
08/19-27/1999

09/30-10/01/1999



As part of the quality-assurance design, approximately 10 percent of the samples analyzed were field- 
blank or field-replicate samples (Horowitz and others, 1994). One field-blank sample was collected for 
major inorganic ions, selected trace metals, and nutrients. Inorganic-free water was used to collect the field- 
blank sample for major inorganic ions and selected trace elements. Organic-free water was used to collect 
the field-blank sample for nutrients. Calcium, silica, iron, and manganese were detected in the field-blank 
sample at concentrations slightly greater than the analytical method reporting limits but much smaller than 
the concentrations detected in the environmental samples. No nutrient compounds were detected in the 
field-blank sample. Analysis of the field-blank sample indicated that onsite and laboratory contamination 
of environmental samples was minimal. Five replicate samples were collected during this study for all 
constituents. Relative analytical variation between reported concentrations of replicate samples and 
environmental samples was calculated for each constituent. For most replicated constituents, the relative 
analytical variation was less than 5 percent. Generally, the results of replicate sample analyses indicated an 
acceptable degree of laboratory precision and reproducibility.

Stream physico-chemical properties analyzed included: specific conductance, pH, temperature of air 
and water, dissolved oxygen, and acid neutralizing capacity. Acid neutralizing capacity was determined in 
the field using the inflection point titration method (Wilde and Radtke, 1998). Selected chemical data 
included concentrations of nutrients, major inorganic ions, total dissolved solids, iron, and manganese. 
Nutrients included seven chemical species: dissolved ammonia (as nitrogen); dissolved nitrite (as nitrogen); 
dissolved ammonia plus organic (as nitrogen); total ammonia plus organic (as nitrogen); dissolved nitrite 
plus nitrate (as nitrogen); total phosphorus; and dissolved phosphorus. Major inorganic ions included four 
cations: calcium, magnesium, sodium, and potassium; four anions: sulfate, chloride, fluoride, and 
bicarbonate; and one uncharged species, silica. Bicarbonate was calculated from acid neutralizing capacity 
(Wilde and Radtke, 1998).

Water samples were collected from the center of the stream at the eight upstream and downstream 
sites described previously: BBUP, BBDN, TBBUP, TBBDN, TEFUP, TEFDN, LBUP, and LBDN (table 1). 
A multiparameter water-quality data recorder was suspended about 1 foot below the water surface at the 
center of the stream for collection of physico-chemical data. Concentrations of nutrients, major inorganic 
ions, dissolved solids, iron, and manganese were determined from water samples collected from the shallow, 
slow-moving streams by midstream "point" sampling. Midstream "point" sampling consisted of collecting 
whole water samples by dipping the appropriate bottle just below the surface of the water. The mouth of the 
bottle was pointed upstream, as near to the center of flow as possible without disturbing the bottom 
sediments. Whole water samples were analyzed for total constituents. Filtered samples were obtained by 
passing whole water through a 0.45-micrometer cellulose nitrate filter cartridge and pouring into the 
appropriate bottle. Filtered major inorganic ion samples were treated with nitric acid to a pH less than 2 
standard units. Filtered water was analyzed for dissolved constituents. All bottles were chilled and shipped 
to the USGS laboratory in Ocala, Florida, for analysis of nutrients, major inorganic ions, total dissolved 
solids, iron, and manganese, using methods described by Fishman and Friedman (1989).

Parametric and nonparametric statistical procedures were used to compare concentrations of 17 
selected physico-chemical and chemical constituents in water samples collected from the four streams at the 
Reservation. Paired differences between the upstream and downstream sites for each crossing initially were 
tested for normality by using the Shapiro-Wilk normality test with an alpha value of 0.05 (SAS Institute, 
1990). If the normality assumption was accepted, a parametric pairwise t-test with an alpha value of 0.05 
was used to determine significant differences by comparing the upstream concentration with the 
downstream concentration for each of 17 selected physico-chemical and chemical constituents. If the 
normality assumption was rejected, the nonparametric Wilcoxon-Rank Sums test with an alpha value 
of 0.05 was used to test for significant differences (SAS Institute, 1990).

Periphyton

Periphyton were collected at the eight stream reaches where water-quality samples were collected. 
Monthly samples were collected from November 1998 through October 1999, excluding May and June 
1999. Monthly periphyton samples were collected from three natural substrates (gravel, grass, and woody 
material) and an artificial substrate (glass slides).



Initial field reconnaissance indicated the macro red algal species, Batrachospermum turfosum, was 
predominant on woody material (roots of trees, submerged vegetation, or fallen limbs and trees). Occasional 
clusters of this red algal species were noted on gravel, but not on grassy material. As a result of initial field 
observations, a concurrent experiment was designed to determine which substrate most closely mimicked 
periphyton growth on the combined substrates. Small gravel, small pieces of grassy material, and small 
pieces of woody material were removed carefully from the streams. In addition, slide trays (each containing 
eight slides) were suspended just below the water surface and tethered to a pole located in the center of the 
stream channel in the targeted stream reaches upstream and downstream from the hardened low-water 
crossings. A sample of each substrate was placed in a separate sample jar and sent to the Louisiana State 
University (LSU) laboratory for removal of periphyton and measurement of substrate surface area.

Gravel, grass, woody material and glass slides were collected and preserved in the field with 3-percent 
formalin or Lugol's Solution. At the LSU laboratory, each periphyton sample collected from a natural 
substrate was brushed with a modified, short-bristle toothbrush into a clean beaker. Three slides taken from 
upstream or downstream from a low-water crossing were scraped with a razor blade into a clean beaker. The 
remaining five slides from each site were archived. Each separate periphyton scraping was washed with 
3-percent formalin back into the original sample container to await subsampling for microscopic 
examination.

Most natural substrate samples contained silt or debris which was diluted in order to be examined 
using the standard Utermohl method (Utermohl, 1958). After dilution with 50 to 150 mL of deionized water 
(depending on silt or debris content), the sample was thoroughly mixed by vigorous shaking. A known 
fraction was transferred to a standardized plankton sedimentation chamber for a settling time of 4 hours per 
centimeter of solution height in the column. The chamber was placed on an inverted microscope 
(magnification x 1,000) and algal cells were identified and counted. All organisms within the field along 
one or more central transects of the chamber were counted to determine cell counts. One-fourth to one-half 
of a large colony or filament was counted and the resulting number was multiplied to estimate the number 
of cells for the entire portion of the colony or filament within the field. Empty algal cells and diatom 
frustules were omitted from the counts. Cells were identified and cell counts were recorded on standardized

r*

bench sheets and later converted to the number of cells per square millimeter (cells/mm ) to determine cell 
density for each taxon in the sample using the following equation:

cells = (NA,Vt) 
mm2 (^NVSAS )'

where

N = number of organisms counted;
r*

At = total area of chamber bottom, mm ; 

Vt = total volume of original sample, mL;
r\

Ac = area (field) counted, mm ;

N = number of fields counted;

Vs = sample volume in settling chamber, mL; and
r\

As = surface of slide (all sides and edges) scraped, mm . 

All organisms were identified to species or, if not to species, to genus using taxonomic references.
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Diatoms were prepared for identification by periodically making burn mounts to remove organic 
matter (Clesceri and others, 1998). Slides were made of the burned diatoms using permanent mounting 
medium. Initial identifications of diatoms, on the permanent slides, were made using a compound 
microscope at a magnification of 1,000. Specimens identified by genera only were (1) represented only by 
vegetative thalli (no diagnostic sexual reproductive spores or stages), (2) obscured by other algae, 
sediments, or detritus, (3) not found in available keys, or (4) too minute or sparse in the subsample to allow 
more exact identification. Many of the filamentous blue-green and green algae were identified primarily by 
cell structure (morphology and sculpting), chloroplast and cell matrix complexity, length and width 
dimensions, and geographic distribution. Unknown species were identified and listed under the suffix "sp." 
(one taxon) or "spp." (two or more taxa).

Cell densities on natural substrate samples were difficult to determine because of complexities in 
accurately measuring the surface area. Wood samples often broke apart in transit, in the laboratory, or upon 
brushing to remove periphyton. Accurate measurements of the surface area of most wood samples were 
precluded by the complexity and convolutions of branching surfaces and fragmentation. Some grass 
samples were not entirely submerged in the stream, which lead to speculation about the actual surface (area) 
that supported periphyton. Many grass samples included the root system. The root system probably had 
little periphyton, unless exposed to the water, but may have contained algae displaced from the grass to the 
roots when placed in the collection container. Surface areas of rocks were measured by outlining each face 
above the sediment-water interface mark on pre-calibrated graph paper. The total surface area was 
calculated for only the area determined to be available for periphyton growth (area not embedded in 
sediments).

Data from artificial substrates (slides) are not comparable with data from natural substrates. This is 
due to differences in substrate attributes that contribute to algal development (Porter and others, 1993), 
differences in the age of the periphyton community, and difficulty in accurately measuring the surface area 
of natural substrates, or a combination of the above. Artificial substrates provided the most accurate cell 
counts, however.

Effects of the hardened low-water crossings on periphyton were tested statistically using a split-plot 
model (SAS Institute, 1999). Stream sites (STREAM) were treated as random effects in the model 
representing a hypothetical random sample of stream sites at which crossings could be constructed. The 
variables, TREATMENT (before and after crossing modifications), MONTH (months during which 
samples were collected), and LOCATION (upstream or downstream from the crossing) were treated as 
fixed-effects in the model, with TREATMENT and MONTH as whole-plot factors and LOCATION as the 
sub-plot factor. This method effectively pairs upstream and downstream samples at each sampling time. 
Variability among stream sites provides the source of error for the whole plot analyses. Denomination of 
degrees of freedom was adjusted using the method of Kenward and Roger (1997) and varied from model to 
model, depending upon the random effect estimates. The interaction effect of TREATMENT with 
LOCATION was used to test for an effect due to the crossing modifications. This interaction measures the 
degree to which the upstream and downstream sites mimic each other before and after "impact" (referred to 
as: modification, construction activity, or disturbance). Because not all substrates were available at all 
sampling times at each station or stream, these models were fit separately for each substrate (SUBSTRATE 
= gravel, wood/grass, glass slide), and combined over the natural substrates. A split-split-plot model adding 
SUBSTRATE to the sub-subplot level was used to compare substrates. Least squares means were 
computed, as appropriate, for the mixed models. The models were fit using PROC MIXED of SAS (SAS 
Institute Inc., 1999). The residuals from each analysis were examined for homogeneity of variance and 
normality. Most were log transformed to reduce the skewed nature of the data in the residuals. Numbers of 
individual cells, numbers of species, and diversity indexes were computed for each sampling site during 
each sampling visit, in order to examine the algal community structure (Pielou, 1977). In addition, 
abundance of the more frequently occurring, and more abundantly represented, taxa was analyzed 
individually and collectively according to taxonomic systematic affiliations within each plant group or 
division in the periphyton algae.
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EFFECTS OF HARDENED LOW-WATER CROSSINGS ON STREAM HABITAT, WATER 

QUALITY, AND PERIPHYTON IN FOUR STREAMS

Effects of hardened low-water crossings on stream habitat, water quality, and periphyton are 
discussed in this section. A brief discussion of the data collected and analyzed is included.

Stream Habitat Characterization

A summary of basin and stream characteristics from the four streams is presented in table 3. The 
largest drainage area was Big Brushy Creek (about 8.77 square miles). The largest perimeter, basin length, 
and perennial stream length followed the same order. Basin relief was greatest for Big Brushy Creek (about 
140 feet). The steepest basin and stream gradients were in Tributary to Big Brushy Creek (about 0.026 and 
0.024, respectively), and lower basin and stream gradients were in Tributary to East Fork of Sixmile Creek, 
Little Brushy Creek, and Big Brushy Creek.

Table 3. Selected basin and stream characteristics at four streams at the Fort Polk Military Reservation, 
Louisiana, using U.S. Geological Survey stream habitat protocols

[Source of protocols: Fitzpatrick and others (1998). Basin drainage area is upstream from low-water crossing (fig. 2).]

Basin
drainage Basin Perennial Stream 

area, Basin Basin gradient, stream gradient, 
in square Perimeter, length, relief, dimension- length, dimension- 

Stream miles in miles in miles in feet less in miles less

Big Brushy Creek

Tributary to Big Brushy Creek

Tributary to East Fork of Sixmile Creek

Little Brushy Creek

8.77

.16

.85

1.29

16.0

1.67

3.64

5.04

5.92

.68

1.31

1.72

140

95

130

115

0.004

.026

.017

.014

5.24

.48

.99

1.49

0.003

.024

.010

.008

Stream habitat characterization data collected in October 1998 before modification of the low-water 
crossings at 12 stream reaches at or near the four low-water crossings are summarized in table 4. Of the 12 
stream reaches, 8 were located upstream and downstream from the four low-water crossing sites (BBUP, 
BBDN, TBBUP, TBBDN, TEFUP, TEFDN, LBUP, and LBDN), and 4 were located at the low-water 
crossings (BBLWC, TBBLWC, TEFLWC, LBLWC). Geomorphic channel units in most stream reaches 
were sequences of pools, riffles, and runs (table 4), as are typical for other nearby streams (Tollett and 
Fendick, 1998). Measurements at LBUP indicated the entire reach was a pool, unlike the other 11 stream 
reaches. Channels were narrow, ranging in width from a minimum of 1 foot in TBBUP and TBBDN to a 
maximum of 40 feet in LBUP. Canopy angles were low (0 to 50 degrees) at most stream reaches, with two 
exceptions, BBLWC and LBLWC (table 4). Low canopy angles indicated low sunlight in the stream reach 
due to dense vegetation in the riparian zone. Canopy angles were 50 to 100 degrees at BBLWC and 100 to 
125 degrees at LBLWC, indicating more sunlight in the reach due to lack of vegetation in the riparian zone 
at the crossings. Stream bank angles generally were steep in most reaches located upstream and downstream 
from low-water crossings, ranging from 20 to 90 degrees. Stream banks were less steep at the crossings, 
ranging from 0 to 35 degrees. Stream banks were typically convex near the top of the bank and concave 
below the water surface in most stream reaches upstream and downstream from the low-water crossing sites, 
while banks were typically linear at stream reaches at the crossings. Roots were exposed where banks were
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undercut and provided habitat cover for aquatic life. High bank angles, dense vegetation along the banks, 
and numerous roots exposed on the banks resulted in high bank stability indices (3) at the four reaches 
upstream and four downstream from the low-water crossing sites (table 4). The stream bank geometry 
indicated a low potential for erosion along bank surfaces within the upstream and downstream reaches. 
Stream banks were much less stable at the low-water crossing sites, with a bank stability index of 1, 
indicating a greater potential for erosion near the low-water crossings. Stream bed substrate consisted 
mainly of sand, mixed with various amounts of gravel, silt, clay-sized particles, and organic material at most 
of the upstream and downstream sites. Stream bed substrate at the low-water crossing sites consisted mostly 
of various amounts of sand, silt, and gravel, with lesser amounts of organic material and clay-sized particles 
than observed at the upstream and downstream sites.

Table 4. Summary of stream habitat characterization data collected before modification of low-water 
crossings on four streams at the Fort Polk Military Reservation, Louisiana, October 1998

[Source of protocols: Meador and others (1993). Channel widths are measured in feet. Angles are measured in degrees. Bank 
stability index: 1 is low, 2 is moderate, and 3 is high. CV, convex; LN, linear; CC, concave; SA, sand; GR, gravel; SI, silt;

O, organic; CL, clay-sized particles]

Reach Location

Channel
Geomorphic width Canopy Bank 
channel unit range angle angle

Bank shape Bank
(top to stability

bottom) index Bed substrate

Upstream (BBUP)

At low-water crossing (BBLWC)

Downstream (BBDN)

Upstream (TBBUP)

At low-water crossing (TBBLWC)

Downstream (TBBDN)

Upstream (TEFUP)

At low-water crossing (TEFLWC)

Downstream (TEFDN)

Upstream (LBUP)

At low-water crossing (LBLWC)

Downstream (LBDN)

Big Brushy Creek

Pool/riffle/run 5-15 0-25 30-90 

Pool/riffle/run 5-15 50-100 10-35 

PooVriffle/run 5-15 0-25 50-90

Tributary to Big Brushy Creek 

Riffle/run 1-4 0-10 20-90 

Pool/riffle 2-10 15-25 5-15 

Pool/riffle 1-8 0-5 20-40

Tributary to East Fork of Sixmile Creek 

Pool/run 8-12 0-40 50-90 

Pool/run 5-10 25-50 20-30 

Pool/run 5-10 0-5 50-90

Little Brushy Creek

Pool 10-40 0-50 50-90

Pool/riffle 8-15 100-125 0-10

Pool/run 5-15 10-50 20-90

CV/LN/CC 3 SA/GR/SI

LN 1 SA/GR/SI

CV/LN/CC 3 SA/GR/SI

LN/CV/CC

LN/CV

LN/CV/CC

3

1

3

O/SI/CL

SI/O/CL

SI/SA/GR/O/CL

LN/CV/CC 3 CL/SI/SA/O

LN 1 SI/SA

CV/CC/LN 3 SA/GR/SI/O

LN/CC/CV 3 GR/SA/SI/O

LN 1 SA/SI/GR

LN/CV/CC 3 GR/SA/SI/O

Stream habitat characterization data collected in November 1999 are presented in the appendix. 
These data were collected after the modification of the four low-water crossings, using more recent USGS 
protocols (Fitzpatrick and others, 1998), which were not available during the October 1998 characterization. 
Photographs of stream habitat characteristics before and after crossing modifications are shown in 
figures 4-7.
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(Photograph by Roland W. Tollett, U.S. Geological Survey, Oct. 30, 1998)

Pool
At low- 
flow stage, 
depth = 3.2 ft.

Pool
At low- 
flow stage, 
depth - 4.7 ft.

(Photograph by Roland W. Tollett, U.S. Geological Survey, Nov. 12,1999)

Figure 4. The upstream reach before (A) and after (B) modification of the low-water crossing at Little 
Brushy Creek (LBUP), Fort Polk Military Reservation, Louisiana.
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Low bank 
stability 
(bank stability 
index = 1)

High bank 
stability 
(bank stability 
index = 3)

Run

Riffle

Pool

(Photograph by Roland W.Tollett, U.S. Geological Survey, Oct. 30,1998)

(Photograph by Roland W.Tollett, U.S. Geological Survey, Nov. 12,1999)

Figure 5. The low-water crossing before (A) and after (B) modification at Big Brushy Creek (BBLWC), 
Fort Polk Military Reservation, Louisiana.
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(Photograph by Roland W.Tollett, U.S. Geological Survey, Oct. 30,1998)

Riffle

Channel width 
(8-15 ft)

Pool

Channel width 
(5-8 ft)

Riffle

(Photograph by Roland W. Tolleft, U.S. Geological Survey, Nov. 12, 1999)

Figure 6. The low-water crossing before (A) and after (B) modification at Little Brushy Creek (LBLWC), 
Fort Polk Military Reservation, Louisiana.

16



Low slope 
f~ stability

(Photograph by Roland W. Tollett, U.S. Geological Survey, Nov. 3,1998)

High slope 
stability

(Photograph by Roland W. Tollett, U.S. Geological Survey, Nov. 12,1999)

Figure 7. The low-water crossing slope stability before (A) and after (B) modification at Tributary to East 
Fork of Sixmile Creek (TEFLWC), Fort Polk Military Reservation, Louisiana.
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At each of the downstream reaches, stream habitat characteristics were similar before and after the 
low-water crossing modifications. Changes were observed at only one of the four upstream reaches after 
the modifications were completed. Field notes recorded before modifications indicated the depth near 
center of the reach at LBUP was 3.2 feet; after modifications, the depth increased to about 4.7 feet (fig. 4).

Some stream habitat characteristics at each of the low-water crossings were similar before and after 
modifications (table 5). Geomorphic channel units (pool-riffle-run) remained the same before and after 
crossing modifications at BBLWC and TBBLWC (table 5). An example of unchanged geomorphic channel 
units was documented at Big Brushy Creek, where the height and grade of the hardened crossing at Big 
Brushy Creek allowed sand and gravel to move freely in the crossing (fig. 5), similar to conditions observed 
at BBUP and BBDN. Channel widths were similar before and after the modifications at all the crossings 
except LBLWC.

Some changes in stream habitat characteristics were observed at all the low-water crossings after 
modifications were completed. Geomorphic channel units changed at TEFLWC and LBLWC after crossing 
modifications (table 5). An example of change is shown in figure 6, where geomorphic channel units at 
LBLWC changed from pool/riffle to riffle. Channel widths at LBLWC decreased from 8-15 feet before 
modification to 5-8 feet after modification (fig. 6). The bank stability index increased from 1 to 3 at all four 
hardened crossings (table 5). An example of increased bank stability is shown in figure 5. Slope stability 
also increased near the crossings, which could reduce soil erosion into the streams. An example of increased 
slope stability is shown in figure 7, where slope erosion near TEFLWC substantially decreased after the 
hardened crossing was completed. At all four crossings, bed substrates changed to a combination of blocks, 
gravel, and sand. The shallow depths at TEFLWC and LBLWC and the narrowing of the channel at LBLWC 
after low-water crossing modifications could affect the ease with which stream biota move in the crossings 
at low flows.

Table 5. Comparison of stream habitat characteristics before and after modifications of low-water 
crossings on four streams at Fort Polk Military Reservation, Louisiana, November 1999

[Source of protocols: Fitzpatrick and others (1998). Channel widths are measured in feet; bank stability index: 1 is low. 2 is 
moderate, and 3 is high; SA, sand; GR, gravel; SI, silt; BL, blocks; O, organic; CL, clay-sized particles]

Characteristics before modification compared to characteristics after modification

Reach Locations
Geomorphic channel Range of channel Bank stability 

unit widths index Bed substrate

Big Brushy Creek low-water No change 
crossing (BBLWC)

Tributary to Big Brushy Creek No change 
low-water crossing (TBBLWC)

Tributary to East Fork of 
Sixmile Creek low-water 
crossing (TEFLWC)

Pool/run to riffle/run

Little Brushy Creek low-water Pool/riffle to riffle 
crossing (LBLWC)

No change 1 to 3 SA/GR/S1 to BL/SA/GR

No change 1 to 3 SI/O/CL to BL/GR/SA

No change 1 to 3 SI/SA to BL/GR/SA

8-15 to 5-8 1 to 3 SA/SI/GR to BL/GR/SA
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Water Quality

Water-quality data are presented in tables 6 to 9 for samples from eight sites, four upstream and four 
downstream from the low-water crossings. The streams are acidic and poorly buffered, with field 
measurements of pH ranging from 4.4 to 6.5. Field measurements of acid neutralizing capacity ranged from 
1.6 to 6.7 mg/L, and field measurements of specific conductance ranged from 16 to 36 |o,S/cm. Nutrient 
concentrations were small dissolved nitrite plus nitrate (as nitrogen) values ranged from <0.050 to 
0.079 mg/L; dissolved ammonia plus organic (as nitrogen) ranged from <0.10 to 0.30 mg/L; total ammonia 
plus organic (as nitrogen) ranged from <0.10 to 0.50 mg/L; and total phosphorus (as phosphorus) ranged 
from <0.004 to 0.024 mg/L. Calcium, magnesium, and sodium concentrations also were small calcium 
ranged from 0.29 to 2.1 mg/L; magnesium ranged from 0.31 to 0.94 mg/L; and sodium ranged from 1.5 to 
3.0 mg/L. Silica concentrations, ranging from 7.7 to 13.0 mg/L, were large relative to other ions measured. 
Concentrations of all analyzed water-quality constituents were typical of small streams in this area (Tollett, 
1998; Tollett and Fendick, 1998).

Types of water compositions were summarized with a Piper diagram on the basis of percentages of 
eight major inorganic ions (calcium, magnesium, sodium, potassium, chloride, fluoride, sulfate, and 
bicarbonate) in surface-water samples collected at the eight sites. Water compositions within the four 
streams were mixed sodium, calcium, bicarbonate, and chloride waters, and a wide range of cation and anion 
percentages were revealed for comparable sampling periods (fig. 8). Percentages of cations ranged from 
about 40- to 70-percent sodium plus potassium, 10- to 50-percent calcium, and 10- to 30-percent 
magnesium. Percentages of anions ranged from about 40- to 70-percent chloride, 15- to 60-percent 
bicarbonate, and 0- to 30-percent sulfate. Carbonate was not considered to be a contributor to acid 
neutralizing capacity because pH values were less than 8.1 standard units (Wilde and Radtke, 1998). No 
fluoride was detected in the stream samples.

The shallow ground-water systems in the study area are recharged locally by rainwater (Tollett, 1998). 
Generally, ratios of cations (calcium, magnesium, sodium and potassium) in samples from the streams 
reflected those of concentrated rainwater and shallow ground-water recharge (fig. 8) (Tollett, 1998). 
Physico-chemical and selected chemical constituents indicated that the streams are mineral-poor and low in 
alkaline earths and buffering capacity, as was expected for these small headwater streams located on highly 
weathered soils.

Piper diagrams were used to evaluate changes in major inorganic-ion percentages, or water 
compositions, at the downstream sites after modifications to the low-water crossings. These changes were 
evident on the diagrams for the downstream sites of Big Brushy Creek, Tributary to Big Brushy Creek, and 
Tributary to East Fork of Sixmile Creek (figs. 9 to 11), where carbonate material was used in the 
construction of the hardened low-water crossings. The center of each shaded area in the diagrams shows 
the change in cation and anion percentages downstream from these three low-water crossings after 
modification. Calcium and magnesium increased about 5 percent and sodium plus potassium decreased 
about 5 percent at BBDN after crossing modification (fig. 9). Bicarbonate increased about 10 percent, 
chloride decreased about 10 percent, and sulfate was unchanged at BBDN. Calcium increased about 
5 percent, sodium plus potassium decreased about 5 percent, and magnesium was unchanged at TBBDN 
after crossing modification (fig. 10). Bicarbonate increased about 10 percent, chloride decreased about 5 
percent, and sulfate decreased about 5 percent at TBBDN. Calcium increased about 15 percent, sodium plus 
potassium decreased about 15 percent, and magnesium was unchanged at TEFDN after crossing 
modification (fig. 11). Bicarbonate increased about 10 percent, chloride decreased about 10 percent and 
sulfate was unchanged at TEFDN. The shaded area in the Piper diagrams overlapped at all three sites, 
indicating that there was little change in relative concentrations of major inorganic ions after low-water 
crossing modifications at the downstream sites.
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Calcium Chloride

PERCENT

LWC

o

EXPLANATION

Major inorganic ion data collected at the eight water-quality 
sampling sites located near the four low-water crossings

TV 38 USGS National Atmospheric Deposition Program/National Trend
, Network (NADP/NTN) major inorganic cation rainfall data,
Jk 1986 to 1997 (National Atmospheric Deposition Program
^ (NRSP-3)/National Trends Network, 1998)

TX-38 is located at Forest Seed Center, Nacogdoches County, 
Texas about 100 miles west-northwest of the study area

LA-12 is located at Iberia Research Station, Iberia Parish, 
Louisiana, about 125 miles southeast of the study area

Major cation values for shallow ground-water in wells located near 
East Fork of Sixmile Creek near Sixmile Creek Road (Tollett, 1998)

Figure 8. Piper diagram showing percentages of major inorganic ions in water from eight sites upstream 
and downstream from four low-water crossings at the Fort Polk Military Reservation, Louisiana, October 
1998 through October 1999 (adapted from Appelo and Postma, 1993).

32



Calcium Chloride

PERCENT 

EXPLANATION

Major inorganic ion data collected at the Big Brushy Creek downstream 
site (BBDN) before the low-water crossing modification

Major inorganic ion data collected at the Big Brushy Creek downstream 
site (BBDN) after the low-water crossing modification

Figure 9. Piper diagram showing percentages of major inorganic ions in water from the Big Brushy Creek 
downslream site (BBDN) before and after the low-water crossing modification, Fort Polk Military 
Reservation, Louisiana, October 1998 through October 1999.
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Calcium Chloride

PERCENT

EXPLANATION

Major inorganic ion data collected at the Tributary to Big Brushy Creek 
downstream site (TBBDN) before the low-water crossing modification

Major inorganic ion data collected at the Tributary to Big Brushy Creek 
downstream site (TBBDN) after the low-water crossing modification

Figure 10. Piper diagram showing percentages of major inorganic ions in water from the Tributary to Big 
Brushy Creek downstream site (TBBDN) before and after the low-water crossing modification, Fort Polk 
Military Reservation, Louisiana, October 1998 through October 1999.
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Calcium Chloride

PERCENT

EXPLANATION

Major inorganic ion data collected at the Tributary to East Fork of Sixmile Creek 
downstream site (TEFDN) before the low-water crossing modification

Major inorganic ion data collected at the Tributary to East Fork of Sixmile Creek 
downstream site (TEFDN) after the low-water crossing modification

Figure 11. Piper diagram showing percentages of major inorganic ions in water from the Tributary to East 
Fork of Sixmile Creek downstream site (TEFDN) before and after the low-water crossing modification, 
Fort Polk Military Reservation, Louisiana, October 1998 through September 1999.
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Piper diagrams were used to show that major inorganic-ion percentages were more affected by the 
crossing modifications at Little Brushy Creek than at the other three streams (fig. 12). At Little Brushy 
Creek, percentages of major inorganic ions were compared between the upstream and downstream sites, 
because no water-quality samples were collected prior to the modifications. Calcium was about 15 percent 
higher, sodium plus potassium about 15 percent lower, and magnesium was the same downstream from the 
crossing (fig. 12). Bicarbonate was about 15 percent higher, chloride about 10 percent lower, and sulfate 
about 5 percent lower downstream. There was little overlap between the upstream and downstream ion 
percentages, indicating that percentages downstream in Little Brushy Creek were generally different from 
percentages upstream after the low-water crossing modification.

Parametric and non-parametric statistical tests were used to determine significant differences in water 
quality upstream and downstream from each crossing (table 10). An alpha value of 0.05 was selected as the 
level of significance for these statistical tests, which indicate a 1 in 20 chance of generating a false positive. 
All seven water-quality sampling events, upstream and downstream from each crossing, were used. The 
statistical results for Little Brushy Creek reflected effects of the hardened low-water crossing because all 
seven water-quality sampling events occurred after modifications. For the other three streams, results 
indicated whether there were statistical differences between sites located upstream and downstream from 
each low-water crossing over the entire period of study. Graphs were used to evaluate whether the 
significant differences occurred after modification of the crossings, or occurred randomly before and after 
crossing modification. Examples of a "not significant" nonparametric result are shown by stable 
magnesium concentrations at the upstream and downstream sites at Big Brushy Creek, Tributary to Big 
Brushy Creek, and Tributary to East Fork of Sixmile Creek (table 10), both before and after crossing 
modifications (fig. 13). Parametric testing results for magnesium at Little Brushy Creek was an example of 
a "significantly different" result (table 10) and is illustrated in figure 13.

Parametric testing results of water-quality data collected after low-water crossing modification at 
Little Brushy Creek indicated concentrations of calcium, magnesium, manganese, total dissolved solids, 
specific conductance, and acid neutralizing capacity at LBUP were statistically different from those at 
LBDN (table 10). Graphs of magnesium, calcium, and total dissolved solids concentrations, specific 
conductance, and acid neutralizing capacity supported the statistical findings (figs. 13 to 17).

Nonparametric testing results for all samples collected upstream and downstream from low-water 
crossings before and after modifications identified no statistically significant differences for concentrations 
of 15 constituents at Big Brushy Creek, Tributary to Big Brushy Creek, and Tributary to East Fork of 
Sixmile Creek. Calcium concentrations at BBUP, however, were statistically different from those at BBDN 
(table 10). Calcium data collected before and after modifications show that the calcium concentration was 
larger at BBDN than at BBUP for one sampling event before modification. Calcium data collected after 
modification were similar; concentrations at BBDN were equal to or slightly larger than at BBUP (fig. 14). 
Parametric results also indicated manganese concentrations at TEFUP were statistically different from 
concentrations at TEFDN (table 10). Manganese concentrations were similar before and after modification, 
at both upstream and downstream sites at Tributary to East Fork of Sixmile Creek (fig. 18). These apparent 
contradictions might be the result of differences statistically significant but not chemically important due to 
(1) small differences in chemical concentrations, (2) in-stream variability, or (3) natural stream processes.

Greater concentrations of total dissolved solids at the downstream site after modification of the low- 
water crossing in Little Brushy Creek might be due to differences in stream reach characteristics and major 
inorganic-ion chemistry. The hardened crossing at Little Brushy Creek was slightly higher than the 
streambed. After construction was completed, the height and grade of the modified crossing caused the pool 
in the upstream reach to deepen. The crossing acted as a stream riffle between the upstream and downstream 
pools. Poorly buffered, fast-moving acidic stream water might have increased the weathering of the 
dolomitic limestone beneath the hardened crossing, and subsequent dissolution of the carbonate material 
may have contributed to the greater calcium, magnesium, total dissolved solids, and acid neutralizing 
capacity values at LBDN. PHREEQC, a computer program based on a geochemical (ion-exchange 
aqueous) model, was used to calculate saturation indexes for calcite and dolomite for all samples on Little 
Brushy Creek (Parkhurst and Appelo, 1999). Saturation indexes were determined by simulating 
geochemical reactions involving the dissolution and precipitation of calcite and dolomite to achieve 
equilibrium with chemical constituents measured in Little Brushy Creek. A negative saturation index 
indicated the sample solution was undersaturated with respect to those minerals, and would dissolve into the 
sample solution; a positive saturation index indicated the sample was saturated with respect to those 
minerals, and would not dissolve into the sample solution (Hem, 1985). Calcite and dolomite had a negative 
saturation index for all samples collected at Little Brushy Creek.
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Calcium

PERCENT

EXPLANATION

Major inorganic ion data collected at the Little Brushy Creek upstream 
site (LBUP) after the low-water crossing modification

Major inorganic ion data collected at the Little Brushy Creek downstream 
site (LBDN) after the low-water crossing modification

Figure 12. Piper diagram showing percentages of major inorganic ions in water from the Little Brushy 
Creek upstream and downstream sites (LBUP and LBDN) after the low-water crossing modification, Fort 
Polk Military Reservation, Louisiana, October 1998 through October 1999.
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Table 10. Results from parametric (pairwise t-test) and nonparametric (Wilcoxon signed rank) testing 
procedures to compare physico-chemical data for sites upstream and downstream from low-water 
crossings on four streams at the Fort Polk Military Reservation, Louisiana

[Diagonal line indicates a comparison between the two sites. Level of significance for p-value is 0.05. N, number of samples;
BBUP, Big Brushy Creek, upstream; BBDN, Big Brushy Creek, downstream; TBBUP, Tributary to Big Brushy Creek, upstream;

TBBDN, Tributary to Big Brushy Creek, downstream; TEFUP, Tributary to East Fork of Sixmile Creek, upstream; TEFDN,
Tributary to East Fork of Sixmile Creek, downstream; LBUP, Little Brushy Creek, upstream; LBDN, Little Brushy Creek,

downstream; *, values are identical at the upstream and downstream sites]

Chemical- 
related Names of 

property compared sites

Shapiro- Shapiro-
Wilk Wilk Statistical Statistical

N p-value conclusion test procedure
Parametric 

p-value results

Calcium BBUP / BBDN 7

TBBUP/TBBDN 7

TEFUP/TEFDN 7

LBUP/LBDN 7

0.0019 Not normal Nonparametric Wilcoxon signed rank 0.0156 Significant

.0008 Not normal Nonparametric Wilcoxon signed rank .0625 Not significant

.0006 Not normal Nonparametric Wilcoxon signed rank .2500 Not significant

.1296 Normal Parametric Pairwise t-test .0025 Significant

Magnesium BBUP / BBDN 7 .0492 Not normal Nonparametric Wilcoxon signed rank .7500 Not significant

TBBUP/TBBDN 7 .2865 Normal Parametric Pairwise t-test .2797 Not significant

TEFUP/TEFDN 7 .0135 Not normal Nonparametric Wilcoxon signed rank .1250 Not significant

LBUP/LBDN 7 .4345 Normal Parametric Pairwise t-test .0096 Significant

Not normal Nonparametric Wilcoxon signed rank 1.0000 Not significant

Not normal Nonparametric Wilcoxon signed rank .2500 Not significant

Not normal Nonparametric Wilcoxon signed rank 1.0000 Not significant

* * * * Not significant

Normal Parametric Pairwise t-test .1376 Not significant

Not normal Nonparametric Wilcoxon signed rank .3438 Not significant

Not normal Nonparametric Wilcoxon signed rank .1563 Not significant

Not normal Nonparametric Wilcoxon signed rank .5000 Not significant

Not normal Nonparametric Wilcoxon signed rank .7500 Not significant

Not normal Nonparametric Wilcoxon signed rank .4063 Not significant

Normal Parametric Pairwise t-test .0274 Significant

Normal Parametric Pairwise t-test .0424 Significant

Sulfate BBUP/BBDN 7 .3339 Normal Parametric Pairwise t-test .5702 Not significant

TBBUP/TBBDN 7 .0068 Not normal Nonparametric Wilcoxon signed rank .6250 Not significant

TEFUP/TEFDN 7 .0154 Not normal Nonparametric Wilcoxon signed rank .6250 Not significant

LBUP/LBDN 7 .5474 Normal Parametric Pairwise t-test .2741 Not significant

Chloride BBUP/BBDN 7 .0135 Not normal Nonparametric Wilcoxon signed rank .5313 Not significant

TBBUP/TBBDN 7 .3010 Normal Parametric Pairwise t-test .7358 Not significant

TEFUP/TEFDN 7 .8761 Normal Parametric Pairwise t-test .7882 Not significant

LBUP/LBDN 7 .4813 Normal Parametric Pairwise t-test .5222 Not significant

Silica BBUP/BBDN 7 .0306 Not normal Nonparametric Wilcoxon signed rank 1.0000 Not significant

TBBUP/TBBDN 7 .0003 Not normal Nonparametric Wilcoxon signed rank .5000 Not significant

TEFUP/TEFDN 7 .1033 Normal Parametric Pairwise t-test .6036 Not significant

LBUP/LBDN 7 .0061 Not normal Nonparametric Wilcoxon signed rank .2500 Not significant

Sodium

Potassium

Manganese

BBUP /BBDN

TBBUP /TBBDN

TEFUP /TEFDN

LBUP / LBDN

BBUP /BBDN

TBBUP /TBBDN

TEFUP / TEFDN

LBUP /LBDN

BBUP /BBDN

TBBUP /TBBDN

TEFUP / TEFDN

LBUP /LBDN

7

7

7

7

7

7

7

7

7

7

7

7

.0001

.0191

.0316
*

.0692

.0350

.0498

.0004

.0229

.0032

.1790

.1561
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Table 10. Results from parametric (pairwise t-test) and nonparametric (Wilcoxon signed rank) testing 
procedures to compare physico-chemical data for sites upstream and downstream from low-water 
crossings on four streams at the Fort Polk Military Reservation, Louisiana Continued

Chemical-
related

property

Iron

Names of
compared sites

BBUP / BBDN

TBBUP / TBBDN

TEFUP / TEFDN

LBUP / LBDN

N

7

7

7

7

Shapiro-
Wilk

p-value

0.3511

.8338

.0193

.9267

Shapiro-
Wilk

conclusion

Normal

Normal

Not normal

Normal

Statistical
test

Parametric

Parametric

Nonparametric

Parametric

Statistical
procedure

Pairwise t-test

Pairwise t-test

Wilcoxon signed rank

Pairwise t-test

p-value

0.4843

.9177

.4375

.8540

Parametric
results

Not significant

Not significant

Not significant

Not significant

Phosphorus BBUP/BBDN 7 .0242 Not normal Nonparametric Wilcoxon signed rank .1250 Not significant

(total) TBBUP/TBBDN 7 .4778 Normal Parametric Pairwise t-test .5782 Not significant

TEFUP/TEFDN 7 .0731 Normal Parametric Pairwise t-test .0781 Not significant

LBUP/LBDN 7 .0682 Normal Parametric Pairwise t-test .0528 Not significant

Nitrogen, BBUP / BBDN 7
Ammonia + TBBUP /TBBDN 7
Organic TEFUP / TEFDN 7
(dissolved) LBUp/LBDN y

Nitrogen, BBUP / BBDN 7
Ammonia + TBBUP /TBBDN 7
Organic TEFUP / TEFDN 7 
(total)

Total
dissolved
solids

LBDN 7

BBUP / BBDN 7

TBBUP /TBBDN 7

TEFUP /TEFDN 7

LBUP / LBDN 7

BBUP /BBDN 7

TBBUP /TBBDN 7

TEFUP /TEFDN 7

LBUP/LBDN 7

Specific BBUP / BBDN 7
conductance TBBUP /TBBDN 7

TEFUP / TEFDN 7

LBUP / LBDN 7

Acid BBUP / BBDN 7
neutralizing TBBUP /TBBDN 7

capacity TEFUP / TEFDN 7

LBUP/LBDN 7

Dissolved BBUP / BBDN 7
oxygen TBBUP / TBBDN 7

TEFUP / TEFDN 7

LBUP / LBDN 7

.5154 Normal

.3071 Normal

.2832 Normal

Parametric 

Parametric 

Parametric

Pairwise t-test 

Pairwise t-test 

Pairwise t-test

.1848 Not significant

.9014 Not significant

.7445 Not significant

.0242 Not normal Nonparametric Wilcoxon signed rank 1.0000 Not significant

.0499 Not normal Nonparametric Wilcoxon signed rank .8750 Not significant

* * * * * Not significant

.3105 Normal Parametric Pairwise t-test .5837 Not significant

.1561 Normal Parametric Pairwise t-test .4851 Not significant

.5205 Normal Parametric Pairwise t-test .2221 Not significant

.0155 Not normal Nonparametric Wilcoxon signed rank .3750 Not significant

.0348 Not normal Nonparametric Wilcoxon signed rank .4375 Not significant

.3663 Normal Parametric Pairwise t-test .0222 Significant

.1913 Normal Parametric Pairwise t-test .5482 Not significant

.0180 Not normal Nonparametric Wilcoxon signed rank .0938 Not significant

.0001 Not normal Nonparametric Wilcoxon signed rank .3438 Not significant

.5606 Normal Parametric Pairwise t-test .4635 Not significant

.0001 Not normal Nonparametric Wilcoxon signed rank .5000 Not significant

.1267 Normal Parametric Pairwise t-test .3705 Not significant

.0007 Not normal Nonparametric Wilcoxon signed rank .6250 Not significant

.2195 Normal Parametric Pairwise t-test .0390 Significant

.6379 Normal Parametric Pairwise t-test .5190 Not significant

.3360 Normal Parametric Pairwise t-test .2819 Not significant

.0028 Not normal Nonparametric Wilcoxon signed rank .0625 Not significant

.1108 Normal Parametric Pairwise t-test .0059 Significant

.4089 Normal Parametric Pairwise t-test .6639 Not significant

.8679 Normal Parametric Pairwise t-test .4889 Not significant

.0001 Not normal Nonparametric Wilcoxon signed rank .1250 Not significant

.0703 Normal Parametric Pairwise t-test .0604 Not significant
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At Little Brushy Creek, PHREEQC results indicated calcite and dolomite were undersaturated with 
respect to the solution. In addition, the larger concentrations at the downstream site after modification 
probably were not caused by in-stream variability or natural stream processes. Therefore, the larger 
concentrations of calcium, magnesium, and total dissolved solids, specific conductance, and acid 
neutralizing capacity at LBDN after modification most likely were caused by mineral dissolution of 
carbonate material used in the foundation of the hardened crossing in Little Brushy Creek. Based on results 
of habitat assessment and water-quality analyses, the U.S. Army reconstructed the low-water crossing at 
Little Brushy Creek by lowering the height of the crossing to eliminate the ponding effect upstream from 
the crossing and by replacing the carbonate foundation material with calcium-free aggregate to eliminate 
the chemical differences observed downstream from the crossing.

Periphyton

Microorganisms growing on submerged substrates (gravel, grass, bark, and slides) are useful for 
assessment of the downstream effects of disturbances or point-source contaminants. Periphyton include 
complex communities of microorganisms (zoogleal and filamentous bacteria, attached protozoa, 
invertebrates, fungi, and algae) that swim, creep, or lodge on organic or inorganic substrates in aquatic 
habitats (Wetzel, 1983; Clesceri and others, 1998). Natural events, such as seasonal change, spate (sudden 
heavy rain), drought, and stream-bank caving, might induce changes in periphyton community structure. 
Seasonal changes in the community must be documented to disclose possible interaction due to natural 
events.

Prior to the modification of low-water crossings on four streams at the Reservation, periphyton 
samples were collected upstream and downstream from three crossings and were identified and enumerated 
to document natural populations. After low-water crossings were modified, sampling was continued to 
evaluate changes in periphyton community structure due to habitat modification, and to distinguish those 
changes from natural, seasonal cyclic variations. The hardened low-water crossing on Little Brushy Creek 
was completed on October 30,1998, before samples were taken to provide for before-and-after comparisons 
of the periphyton communities.

Analysis of 325 periphyton samples was used to determine whether modifications to the low-water 
crossings altered the periphyton community structure of small streams at the Reservation. The experimental 
design, the field and laboratory data, and the analyses were sufficient to indicate that there were no 
discernible effects to the periphyton communities from the modifications to the low-water crossings. The 
abundance of periphyton upstream and downstream were not statistically different as a result of the low- 
water crossing modifications (TREATMENT x LOCATION, p = 0.9910; MONTH(TREATMENT) x 
LOCATION, p = 0.0735). Quantitative data from slide substrates (Iog 10 transformed), excluding Little 
Brushy Creek, were used for this analysis (table 11).

Table 11. Probability of effects of low-water crossing modifications on abundances of periphyton on slide 
substrates in three streams at the Fort Polk Military Reservation, Louisiana
[Data analyzed for Big Brushy Creek, Tributary to Big Brushy Creek, and Tributary to East Fork of Sixmile Creek. F, test statistic;
TREATMENT, before and after crossing modification; MONTH(TREATMENT), months during which samples were collected,

before and after modification; LOCATION, upstream and downstream from crossing]

Effect

TREATMENT

MONTH(TREATMENT)

LOCATION

TREATMENT X LOCATION

MONTH(TREATMENT) X LOCATION

Numerator 
(degrees of 
freedom)

1

7

1

1

6

Denominator 
(degrees of 
freedom)

8.83

8.22

78.7

78.9

76.1

F

14.12

6.20

.25

.00

2.02

P-value

0.0047

.0092

.6204

.9910

.0735
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There were before-and-after modification differences (TREATMENT, p = 0.0047; 
MONTH(TREATMENT), p = 0.0092) that demonstrated seasonal changes in the community. Seasonal 
changes predominated over the effect of the stream-crossing modifications. Moreover, comparatively rapid 
establishment of the diatoms and some of the green and blue-green algae on slides indicates that long-term 
effects from the stream-crossing modifications are unlikely.

The log-transformed cell counts, the numbers of species per substrate, and the diversity index 
(Shannon and Weaver, 1949) were used for the unqualified natural substrate samples to test for significant 
differences between the various natural substrates in pairwise comparisons, and for changes in diversity 
indexes with stream modifications (table 12). These p-values for pairwise comparison of cells per square 
millimeter on substrates, sites, and impact indicate essentially the same results as reported in the preceding 
paragraph (table 12). Although the individual cell-count ranking varied from before to after the 
modifications, the interaction of substrates, sites, and seasonal variations was sufficiently great to prevent 
concluding that the variations were due to the low -water crossing modifications. Moreover, the numbers of 
species and the diversity index show that the communities on gravel had significantly less taxonomic 
diversity than those on both the wood and grass substrates, and that algal communities on wood and grass 
were not significantly different in either species number or diversity.

Table 12. P-values for pairwise comparison of periphyton cell counts, species per substrate, and diversity 
index for natural substrates by treatment, location, and substrate

[TREATMENT: before and after crossing modifications; LOCATION: upstream and downstream from crossing; SUBSTRATE:
slides, gravel, wood, or grass]

Variable

Cell counts

Species per substrate

Diversity index

TREATMENT

0.006

.1

.97

LOCATION plus 
SUBSTRATE

0.54

.08

.37

P-value

Gravel 
compared to 

wood

0.0001

.0001

.026

Gravel 
compared to 

grass

0.0207

.0001

.0003

Wood 
compared to 

grass

0.004

.661

.256

The conclusion that there was no discernible effect on periphyton communities from the crossing 
modifications is reinforced by the month-to-month variations in the community composition, or in the 
percentage of total individual cells representing the major divisions in the community (figs. 19 and 20). The 
variations in relative abundance of the divisions of algae on natural substrates and slides at upstream sites 
relative to downstream sites remained consistent before and after the stream crossings were modified. The 
open blocks on figure 20 represent the months when sampling efforts were prevented by storm events; that 
is, the slide trays were apparently destroyed or dislodged from their tethers by local spates. At Little Brushy 
Creek, the predominant algal species, Batrachospermum turfosum, was apparent only on the slides, even 
though this red algal species was prominent on both slides and natural substrates collected from Big Brushy 
Creek and Tributary to East Fork of Sixmile Creek. Seasonal variations in green algae on Tributary to Big 
Brushy Creek in the periphyton (on both artificial and natural substrates) are also noteworthy, as it was only 
in this stream that B. turfosum, prominent in the other streams sampled, was not apparent (figs. 19 and 20). 
The distinct seasonal changes in the green algae and the scarcity of the red algal species in this stream may 
be related to the fact that Tributary to Big Brushy Creek was the smallest stream, and its flow was 
intermittent during fall 1999. Low flow might have prevented constant refreshment with water enriched in 
carbon dioxide, and apparently precluded luxuriant growth of the red algal species.
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Figure 19. Percent composition of major algal groups on natural substrates from sites upstream and 
downstream from four low-water crossings at the Fort Polk Military Reservation, Louisiana, November 
1998 through October 1999.
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Figures 19 and 20 show that the proportions of cells representing major algal groups on natural 
substrates and slides did not significantly change at the site upstream relative to the site downstream from 
the crossing. The relations between the upstream and downstream sites remained the same before and after 
the crossings were modified. Figures 21 and 22 also show that the diversity indexes on natural substrates 
and slides for the upstream and downstream sites remained essentially the same before and after the crossing 
modifications.

During this study, 274 taxa, including 21 varieties, were identified in the total 325 samples examined, 
which indicates a very diverse algal community in the periphyton. Table 13 lists 55 taxa in 24 genera for 
the division Cyanobacteria (blue-green algae); 115 taxa representing 46 genera for the division Chlorophyta 
(green algae); 90 taxa among 17 genera of the class Bacillariophyceae (diatoms) in the division 
Chrysophyta; 8 taxa among 4 genera of the class Chyrsophyceae (golden-brown algae); 4 taxa representing 
3 genera in the class Xanthophyceae (yellow-green algae); 1 species of Euglenophyta; and 1 species of 
Rhodophyta (red algae). There were 16 blue-green algae and 29 green algae (largely filamentous or colonial 
forms), 7 diatoms, 2 golden-brown algae, and 1 euglenophyte, that have not been distinguished beyond 
genus, because reproductive structures and other morphological features, necessary for assigning species 
epithets, were not identified.

Relative Abundance

In terms of total mean cell count, the red algal species, Batrachospermum turfosum, ranked first 
(23,623 cells, or 27.1 percent of the total 87,114 cells counted; table 14). B. turfosum also ranked first in 
total density (on all substrates combined), at 12.9 cells/mm2 on all substrates (natural and artificial) that 
were measured, even though it rarely appeared in the periphyton flora in one stream (Tributary to Big 
Brushy), where green and blue-green algae predominated. Also, B. turfosum ranked 1st or 2d in cell count 
abundance on all substrates except slides, where it ranked 92d (table 13). Filamentous and colonial forms, 
surrounded by matrices (such as B. turfosum or Aphanothece spp.} and interconnecting cell walls (such as 
Microspora sp.), do not tend to fragment into single cells when periphyton are collected and mixed 
vigorously before subsampling into the Utermohl chamber for settling (Utermohl, 1958). Thus, when one 
cell of a filamentous or colonial algal species is counted, there is a high probability that numerous other cells 
will be in the same field to be counted (contagious). In fact, in terms of cell counts, 14 of the top 20 taxa on 
combined substrates included the red algal species, B. turfosum (with its filaments surrounded by a generous 
mucous-like matrix), plus 12 colonial or filamentous green and blue-green algae; the remaining 6 taxa were 
diatoms, some of which also tend to occur in clusters or chains, albeit more deciduous chains or clusters, 
with fewer cells per cluster. The diatom, Eunotiapaludosa, ranked second with 10,586, or 12.2 percent, of 
the total individual cells counted. The blue-green algal species, Aphanothece saxicola, ranked 3d (4,685 
cells, 5.4 percent); and the top-ranked green algal species, Ulothrix variabilis, ranked 11th with 2,156 cells 
and comprised only 2.5 percent. The top 20 taxa, including Microsporapachyderma (at 0.98 percent of the 
count on table 14), comprise 82.4 percent of the total cells counted in all samples, and after the top 5 taxa, 
all succeeding algae on the list accounted for less than 4 percent each of the mean cell count on combined 
substrates.

Frequency of Occurrence

There were 16 diatom taxa, 3 filamentous green, no blue-green, and 1 red algal species, 
Batrachospermum turfosum, among the 20 most frequently occurring algae at the Reservation (table 15). 
In fact, 9 of the 10 most frequently occurring taxa were diatoms; the other taxa were the green algal species, 
Oedogonium spp. Of the top 35 taxa, 18 occurred in 10 percent of the samples. The most frequently 
occurring taxon in each major division, except the green algae, also tended to be the most abundant taxon 
representing each division (tables 14 and 15). The red algal species B. turfosum ranked from 8th to 12th in 
frequency of occurrence on all substrates except slides, where it ranked 102d. The blue-green algae were 
the most sparsely distributed algae. In fact, no single blue-green taxon occurred in more than 18 percent of 
the samples. Only three blue-green algae (the colonial Aphanothece saxicola and two algae from the 
filamentous genus Oscillatoria) ranked in the top 35 taxa. A. saxicola was the highest ranking blue-green 
algal species, ranking 23d in percent frequency of occurrence. Among the diatoms, the four most frequently
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Table 13. Taxonomic list of algae in periphyton from four streams at the Fort Polk Military Reservation, 
Louisiana, November 1998 through October 1999
[Sites sampled were upstream and downstream from the low-water crossings on Big Brushy Creek, Tributary to Big Brushy Creek, 

Tributary to East Fork of Sixmile Creek, and Little Brushy Creek, spp., two or more taxa; van, variety; sp., one taxon]

DIVISION CYANOBACTERIA (Blue-green algae)
Anabaena aequalis
Anabaena Levanderi
Anabaena spp.
Aphanocapsa delicatissima
Aphanocapsa elachista var. conferta
Aphanocapsa elachista var. planctonica
Aphanothece saxicola
Aphanothece spp.
Chroococcus delicatissima
Chroococcus dispersus
Chroococcus dispersus var. minor
Chroococcus limneticus
Chroococcus limneticus var. distans
Chroococcus minutus
Coelosphaerium spp.
Cyanarcus hamiformis
Dichothrix orsiniana
Gloeocapsa aeruginosa
Gloeocapsa punctata
Gloeothece linearis
Gloeothece rupestris
Gloeothece spp.
Gomphosphaeria lacustris var. compacta
Gomphosphaeria spp.
Hapalosiphon aureus
Hapalosiphon confervaceus
Hapalosiphon hibemicus
Hapalosiphon sp.
Johannesbaptista pellucida
Lyngbya putealis
Lyngbya sp.
Merismopedia glauca
Merismopedia sp.
Nodularia sp.
Oscillatoria angusta
Oscillatoria angustissima
Oscillatoria geminata
Oscillatoria lacustris
Oscillatoria nigra
Oscillatoria spp.
Oscillatoria tenuis
Phormidium sp.
Plectonema notatum
Schizothrix sp.
Schizothrix tinctoria
Scytonema archangelii
Scytonema spp.
Scytonema tolypothrichoides
Spirulina sp.
Spirulina subsalsa
Stigonema minutum

Stigonema sp. 
Stigonema turfaceum 
Symploca muscorum 
Tolypothrix sp.

DIVISION CHLOROPHYTA (Green algae)
Ankistrodesmus sp.
Ankistrodesmus spiralis
Actinotaenium sp.
Arthrodesmus identatus var. rectangularis
Bambusina brebissonii
Binuclearia sp.
Bulbochaete spp.
Carteria sp.
Chaetonema irregulare
Chaetosphaeridium Pringsheimii
Chaetosphaeridium globosum
Characium Rabenhorstii
Characium ensiforme
Characium rostratum
Chlamydomonas epiphytica
Chlamydomonas snowii
Chlamydomonas sp.
Chlorococcum humicola
Closterium acerosum var. angustius
Closterium didymotocum
Closterium incurvum
Closterium intermedium
Closterium libellula
Closterium parvulum
Closterium setaceum
Closterium spp.
Closterium venus
Coelastrum chodati
Coelastrum sp.
Coleochaete irregularis
Coleochaete sp.
Cosmarium abbreviatum
Cosmarium angulosum
Cosmarium asphaerosporum
Cosmarium contractum var. jacobsenii
Cosmarium contractum var. pachydermum
Cosmarium impressulum
Cosmarium minimum
Cosmarium pokomyanum
Cosmarium punctulatum
Cosmarium raciborskii
Cosmarium spp.
Cosmarium subtumidum
Cosmarium tenue
Cosmarium tenue var. depressum
Cosmarium tenue var. minus
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Table 13. Taxonomic list of algae in periphyton from four streams at the Fort Polk Military Reservation, 
Louisiana, November 1998 through October 1999 Continued

DIVISION CHLOROPHYTA (Green algae) --
Continued
Cosmarium undulatum var. minutum
Crucigenia tetrapedia
Cylindrocapsa conferta
Cylindrocapsa geminella
Cylindrocapsa geminella var. minor
Cylindrocapsa spp.
Dicranochaete reniformis
Euastrum abruptum form minor
Euastrum affine
Euastrum binale
Euastrum spp.
Gloeocystis gigas
Gloeocystis spp.
Golenkinia paucispina
Golenkinia radiata
Gonatozygon aculeatum
Hormidium klebsii
Hormidium sp.
Hyalotheca dissiliens
Kirchneriella contorta
Kirchneriella lunaris
Microspora floccosa
Microspora pachyderma
Microspora sp.
Microspora stagnorum
Mougeotia capucina
Mougeotia sp.
Netrium digitus
Netrium oblongum
Oedogonium spp.
Oocystis sp.
Pediastrum sp.
Penium margaritaceum
Penium sp.
Platydorina caudata
Pleurotaenium sceptrum
Protoderma sp.
Protoderma viride
Rhizoclonium hieroglyphicum
Rhizoclonium sp.
Scenedesmus bijuga var. alternans
Scenedesmus sp.
Sphaerocystis schroeteri
Sphaerocystis sp.
Spirogyra spp.
Spondylosium planum
Spondylosium sp.
Spondylosium tetragonum
Staurastrum alternans
Staurastrum arachne
Staurastrum dejectum

Staurastrim dilatatum
Staurastrum illusum
Staurastrum punctulatum
Staurastrum punctulatum form minor
Staurastrum spp.
Stigeoclonium attenuatum
Stigeoclonium flagelliferum
Stigeoclonium sp.
Tetmemorus brebissonii
Tetmemorus granulatus
Tetmemorus sp.
Tetraedron sp.
Ulothrix aequalis
Ulothrix subconstricta
Ulothrix subtilissima
Ulothrix variabilis
Ulothrix zonata
Unidentified Chlorophyceae filament basal cells

DIVISION CHRYSOPHYTA
Class Bacillariophyceae (Diatoms) 
Achnanthes exigua 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes minutissima var. macrocephala 
Achnanthes rosenstockii 
Anomoeoneis brachysira 
Anomoeoneis serians 
Anomoeoneis serians var. acuta 
Anomoeoneis vitrea 
Cocconeis fluviatilis 
Cocconeis placentula var. lineata 
Cymbella helvetica 
Cymbella lunata 
Cymbella minuta
Cymbella minuta var. pseudogracilis 
Cymbella spp. 
Cymbella turgida 
Eunotia bidentula 
Eunotia bilunaris 
Eunotia diodon 
Eunotia exigua 
Eunotia flexuosa 
Eunotia formica 
Eunotia implicata 
Eunotia meisteri 
Eunotia monodon 
Eunotia muscicola var. tridentula 
Eunotia naegelii 
Eunotia paludosa 
Eunotia pectinalis 
Eunotia pectinalis var. minor 
Eunotia pectinalis var. undulata
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Table 13. Taxonomic list of algae in periphyton from four streams at the Fort Polk Military Reservation, 
Louisiana, November 1998 through October 1999 Continued

DIVISION CHRYSOPHYTA
Class Bacillariophyceae (Diatoms)   Continued
Eunotia praerupta
Eunotia praerupta var. bidens
Eunotia serra var. diadema
Eunotia spp.
Fragilaria brevistriata
Fragilaria capucina
Fragilaria crotonensis
Fragilaria spp.
Fragilaria tenera
Fragilaria ulna
Fragilaria ulna var. biceps
Frustulia rhomboides
Frustulia rhomboides var. amphipleuroides
Frustulia rhomboides var. minor
Frustulia rhomboides var. saxonica
Frustulia vulgaris
Gomphonema acuminatum
Gomphonema acuminatum var. elongatum
Gomphonema angustatum
Gomphonema gracile
Gomphonema spp.
Navicula capitata
Navicula cryptotenella
Navicula densestriatum
Navicula exigua var. capitata
Navicula gottlandica
Navicula radiosa var. parva
Navicula spp.
Neidium apiculatum
Neidium densestriatum
Neidium iridis var. ampliatum
Nitzschia acicularis
Nitzschia paleacea
Nitzschia scalpelliformis
Nitzschia spp.
Pinnularia abaujensis
Pinnularia abaujensis var. subundulata
Pinnularia acrosphaeria
Pinnularia biceps
Pinnularia braunii
Pinnularia dactylus

Pinnularia lundii
Pinnularia maior
Pinnularia maior var. pulchella
Pinnularia microstauron
Pinnularia spp.
Pinnularia streptoraphe
Pinnularia viridis
Stauroneis anceps
Stenopterobia curvula
Surirella angusta
Surirella biseriata
Surirella linearis
Surirella tenere
Synedra delicatissima var. angustissima
Synedra tenera
Synedra ulna var. biceps
Tabellaria ventricosa

DIVISION CHRYSOPHYTA
Class Chrysophyceae 
(Golden-brown algae) 
Derepyxis amphora 
Derepyxis dispar 
Derepyxis sp. 
Dinobryon sp. 
Hyalobryon mucicola 
Lagynion Scherffelii 
Lagynion ampullaceum 
Ladynion reductum

DIVISION CHRYSOPHYTA
Class Xanthophyceae 
Chlorellidiopsis separabilis 
Peroniella plane tonica 
Stipitococcus crassistipatus 
Stipitococcus vasiformis

DIVISION EUGLENOPHYTA
Trachelomonas spp.

DIVISION RHODOPHYTA (Red algae) 
Batrachospermum turfosum
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Table 14. Periphyton ranked in order of cell count (unquantified) abundance on all substrates combined 
and their ranking on natural and slide substrates for four streams at the Fort Polk Military Reservation, 
Louisiana, November 1998 through October 1999

[Sites sampled were upstream and downstream from the low-water crossings on Big Brushy Creek, Tributary to Big Brushy Creek, 
Tributary to East Fork of Sixmile Creek, and Little Brushy Creek. Total, ranking on all substrates combined; var., variety;  , taxon

absent; sp., one taxon; spp., two or more taxa]

Taxon

Batrachospermum turfosum

Eunotia paludosa

Aphanothece saxicola
Eunotia flexuosa

Oscillatoria geminata

Aphanocapsa elachista var. planctonica
Eunotia nagelii

Chroococcus dispersus var. minor
Eunotia bilunaris

Aphanocapsa elachista var. conferta
Ulothrix variabilis

Schizothrix tinctoria
Oscillatoria sp.

Mougeotia sp.

Oedogonium sp.
Eunotia diodon
Frustulia rhomboides

Aphanocapsa delicatissima

Chroococcus dispersus
Microspora pachyderma
Achnanthes minutissima

Eunotia monodon

Spondylosium planum
Frustulia vulgaris

Gomphonema gracile

Anomoeoneis brachysira
Hapalosiphon hibernicus

Chroococcus limneticus var. distans
Anabaena sp.

Hapalosiphon aureus
Phormidium sp.

Frustulia rhomboides var. saxonica
Anabaena aequalis
Bulbochaete sp.
Lyngbya sp.

Total

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Grass

1

2
4

5
3
7

14
9
6
8

11
 

13
16
20
12
15
23
79
16
61
10
19
22
30
28
21
47
24
 

27
48
37
34
26

Wood

1

4
3

15
7

27
28

5
13
10
18
2

12
33
25
20

9
6
8

16
49
21
36
11
30
17
23
 

32
14
43
19
46
38
26

Gravel

2
1
6
9

15
 

14
4
3

10
12

30
7

19
13
11
23
47

36
8

44
17

5
33
34
26
21
81
32
 

35
55
22
18
 

Slides

92
1
3
2
7
4
5

13

9
8
6
 

14
10
11
15
29
37
19
40
12
28
39
47
23

112
 

16
30
 

22
58
26
41
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Table 15. Periphyton ranked in order of percent frequency of occurrence on all substrates combined and 
their ranking on natural and slide substrates in four streams at the Fort Polk Military Reservation, 
Louisiana, November 1998 through October 1999
[Sites sampled were upstream and downstream from the low-water crossings on Big Brushy Creek, Tributary to Big Brushy Creek, 
Tributary to East Fork of Sixmile Creek, and Little Brushy Creek. Total, ranking on all substrates combined; spp., two or more

taxa; sp., one taxon; van, variety;  , taxon absent]

Taxon

Eunotia paludosa
Eunotia flexuosa

Eunotia bilunaris
Eunotia naegelii
Eunotia diodon

Frustulia rhomboides
Oedogonium spp.
Eunotia monodon
Navicula gottlandica
Frustulia vulgaris

Mougeotia sp.
Batrachospermum turfosum
Gomphonema gracile
Spondylosium planum
Frustulia rhomboides var. saxonica

Anomoeoneis brachysira
Nitzschia paleacea
Achnanthes minutissima
Eunotia praerupta
Eunotia pectinalis var. minor

Ulothirix variabilis
Dichranochaete reniformis
Aphanothece saxicola
Oscillatoria geminata
Pinnularia spp.

Anomoeoneis serians var. acuta
Oscillatoria spp.
Surirella angusta
Navicula cryptotenella
Bulbochaete spp.

Lagynion Scherffelii
Achnanthes rosenstockii
Chrococcus dispersus var. minor
Pinnularia biceps
Stenopterobia curvula

Total

1
2

3
4
5

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

Slides

1

2

5

3

6

9

4

11

8

16

10

102

13

30

25

74

17

20

19

21

12

7

18

32

22

15

23

27

34

28

14

73

46

51

26

Wood

1

3

4

5

6

2

10

9

12

7

15

8

28

18

11

13

22

14

27

17

34

121

19

20

30

35

25

24

16

26

68

23

21

47

49

Natural substrate
Grass

1

2

4

3

6

7

12

5

8

13

15

10

11

9

22

14

16

36

21

20

32

34

25

17

23

44

24

18

27

26

40

43

29

28

41

Gravel

1
 

2

6

4

5

8

7

12

14

20

11

15

9

28

10

21

16

17

26

31
 

40

22

23

19

30

48

25

24

101

13

33

18

39
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occurring taxa (congeners of Eunotia) also were among the nine most abundant taxa on combined 
substrates. Nine of the 10 most frequently appearing diatoms (Navicula gottlandica was the exception) also 
were the most abundant diatoms in terms of cell counts. Although not all were ranked similarly in both total 
listings, those nine diatoms were listed in about the same order of cell abundance (first column, tables 14 
and 15). As expected, diatoms were much more widespread among all samples in comparison with the other 
divisions, as shown by the comparatively high percent frequency of occurrences among the top 10 taxa in 
all samples. For example, the 10th ranked diatom appeared more frequently, in all samples from all sites, 
than the highest ranked blue-green algal species; and the 7th ranked diatom occurred more frequently in the 
samples than the top-ranked green algal species. Among the cyanophytes, the top-ranked taxon (A. 
saxicola, ranked 21st) also was the most widespread blue-green algal species on all substrates, although it 
occurred in only 6.3 percent of the 174 samples. Diatoms comprised 9 of the top 10 and 16 of the top 20 
most commonly occurring taxa: three green algae and the red algal species, B. turfosum, comprised the other 
four taxa. This community assemblage indicates that these streams are oligotrophic (characterized by low 
nutrient concentrations and low biological production) and generally unaffected by anthropogenic activities.

Ranking by raw cell count per taxon describes a qualitative attribute of the periphyton community 
because surface area measurements of many of the grass and wood (root, limb) substrates were difficult to 
measure. Of all substrates, grass and wood supported the most luxuriant growth of periphyton, as well as 
the clearly predominant macroalga, Batrachospermum turfosum (table 15), even though diatom cells did not 
figure prominently in the ranking of total algae cell counts on woody substrates. Thus, unqualified 
substrate samples were excluded from the statistical analyses of cell density per square millimeter of 
substrate surface. Although surface areas of glass slides are easily and accurately measured, Wetzel (1983), 
Clesceri and others (1998), and Brown and Short (1999) report that slide surfaces favor the more rapidly 
incubating forms and the resulting periphyton community does not represent the true periphyton community 
structure. Certain diatoms exclude other more slowly established taxa, which typify periphyton flora on 
natural substrates. Tables 14 and 15 show fairly close agreement in the ranking of the top 10 taxa in the 
periphyton algae by percent frequency of occurrence, regardless of the type of substrate. Rankings of the 
top 10 taxa are similar with respect to raw cell counts, as well, except on woody substrates.

Periphyton Density

A comparison of the communities on the 22 measured natural substrates collected during the first 
3 months of the study showed that wood and grass supported the greatest diversity (61 taxa) and largest 
density (cells per square millimeter) of periphyton (table 16). The substrate supporting the fewest species 
(38 taxa) and the smallest density of cells was gravel. Although analytical results from slides showed the 
smallest density, they were not significantly different from gravel surfaces (table 17).

Table 16. Mean cell density (+SE) for pairwise comparison of periphyton cells per square millimeter in 
four streams at the Fort Polk Military Reservation, Louisiana, November 1998 through October 1999

[+, plus or minus; SE, standard error; n, number of samples] 

Mean cell density (±SE)

Wood/grass Gravel Slides

3726+1314 418+103 556 + 237
(n=15) (n = 7) (n = 97)

Table 17. P-values for pairwise comparison of periphyton cells per square millimeter on substrates in four 
streams at the Fort Polk Military Reservation, Louisiana, November 1998 through October 1999

P-values 

Gravel compared to wood/grass Gravel compared to slides Wood/grass compared to slides

0.0001 Ol5 0.0001

57



Accordingly, woody material and submerged vegetation surfaces provided the best type of substrate 
for studying variations in periphyton community structure in streams at the Reservation. The five most 
frequently occurring periphyton on all substrates were the diatoms Eunotia paludosa, R flexuosa, E. 
bilunaris, E. naegelii, and E. diodon. These diatoms were similarly widespread on woody material and all 
other substrates. Four of the five most frequently occurring diatoms ranked in the top 10 periphyton in 
abundance (cell density per surface area). Four of the ten most abundant species were colonial or 
filamentous blue-green algae. The most abundant taxon overall, the red algal species (Batrachospermum 
turfosuni), was notably less abundant on artificial substrates (slides). Forty-six taxa (22 chlorophytes, 15 
cyanophytes, and 9 diatoms) were detected only on the wood substrates. Twelve green algae, along with 6 
diatoms and 6 blue-green algae, were detected only on grass substrates. Four diatoms, 2 green algae and 1 
blue-green algal species (a total of 7 taxa) were only identified on gravel substrates.

Upon examining the data from all substrates combined, diatoms were clearly most widespread and 
blue-green algae were most abundant on natural substrates. Although diatoms comprised 9 of the 10 most 
frequently occurring algae, 6 of the 10 most abundant taxa were the red algal species, 3 colonial green algae, 
and 2 blue-green algae (tables 14 and 15). Those diatoms that were most widespread (unquantified sample 
counts combined) also were the most frequently occurring on all natural substrates, although diatoms were 
ranked low in abundance on wood substrates. Similarly, the same genera, if not the same species, of blue- 
green algae were among the five most abundant algae overall, as well as on all substrates combined.

Periphyton data indicated that the periphyton in the streams were not affected by the low-water 
crossing modifications. The major source of variability in the periphyton was seasonal changes in 
community structures. The periphyton community structure indicated that the streams are oligotrophic and 
generally unaffected by anthropogenic activities.

SUMMARY AND CONCLUSIONS

Four streams at the Fort Polk Military Reservation were evaluated from October 1998 through 
November 1999 for potential effects of hardened low-water crossings on stream habitat, water quality, and 
periphyton. Habitat data collected at eight stream reaches, one upstream and one downstream from each of 
the four low-water crossings, indicated banks were stable, bank angles were steep, and canopy angles were 
low before and after crossing modifications. Habitat data collected at the four reaches located at each of the 
low-water crossing sites indicated that, before crossing modifications, banks were not stable, bank angles 
were low, and canopy angles were high. After modifications, bank stability increased from the minimum 
rating of 1 to the maximum rating of 3 at the low-water crossings, and slope stability also increased near the 
crossings. Increased bank and slope stability at the low-water crossing sites can reduce soil erosion into the 
streams.

Some stream habitat characteristics at each of the low-water crossings were similar before and after 
modifications. Geomorphic channel units at the crossings remained the same before and after modifications 
at Big Brushy Creek and Tributary to Big Brushy Creek. The height and grade of the hardened crossing at 
Big Brushy Creek allowed sand and gravel to move freely in the crossing, similar to conditions observed at 
the upstream and downstream reaches of the stream. Channel widths were similar before and after the 
modifications at all crossings except on Little Brushy Creek.

Water-quality data indicated streams were acidic, with field measurements of pH ranging from 4.4 to 
6.5, and were poorly buffered. Field measurements of acid neutralizing capacity ranged from 1.6 to 
6.7 mg/L (milligrams per liter), and field measurements of specific conductance ranged from 16 to 
36 microsiemens per centimeter at 25 degrees Celsius. Nutrient concentrations were small dissolved 
nitrite plus nitrate (as nitrogen) values ranged from <0.050 to 0.079 mg/L; dissolved ammonia plus organic 
(as nitrogen) ranged from <0.10 to 0.30 mg/L; total ammonia plus organic (as nitrogen) ranged from <0.10 
to 0.50 mg/L; and total phosphorus ranged from <0.004 to 0.024 mg/L. Calcium, magnesium, and sodium
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concentrations were small calcium ranged from 0.29 mg/L to 2.1 mg/L; magnesium ranged from 0.31 
mg/L to 0.94 mg/L; and sodium ranged from 1.5 to 3.0 mg/L. Silica concentrations in the streams ranged 
from 7.7 to 13.0 mg/L. All concentrations of water-quality constituents are typical of small streams in this 
area.

Statistical results indicated 15 of 17 constituent concentrations analyzed were not significantly 
different upstream and downstream from three crossings: Big Brushy Creek, Tributary to Big Brushy Creek, 
and Tributary to East Fork of Sixmile Creek. Although concentrations of two constituents were statistically 
different, the waters containing these constituents were not chemically different.

Differences in stream habitat and water-quality conditions were observed after crossing modifications 
at Little Brushy Creek. The height and grade of the hardened low-water crossing restricted flow, thus 
causing (1) an increase in velocity across the hardened crossing, (2) an increase in depth (about 1.5 feet) at 
the upstream reach, and (3) a possible increase in dissolution of the carbonate foundation material. The 
dissolution of the carbonate foundation material is thought to have resulted in the chemical differences 
observed in the concentrations of calcium, magnesium, and bicarbonate, and acid neutralizing capacity at 
the upstream and downstream sites. These chemical differences can be explained by a geochemical (ion- 
exchange aqueous) model, which indicated calcite and dolomite were undersaturated with respect to the 
solution, and might dissolve. Based on results of habitat assessment and water-quality data, the low-water 
crossing at Little Brushy Creek was reconstructed to eliminate the ponding effect upstream from the 
crossing. Also, the carbonate material was replaced with calcium-free aggregate to possibly eliminate the 
chemical differences observed downstream from the crossing.

Because of their sensitivity to changes in stream chemistry and morphology and their usefulness for 
documenting the effects of anthropogenic activities, stream periphyton communities were monitored to 
determine possible effects of low-water crossing modifications. Statistical analyses of 325 periphyton 
samples indicated no significant effects from modifications of the low-water crossings. There were 275 taxa 
found: 115 green algae, 91 diatoms and 12 other chrysophytes, 55 blue-green algae, one euglenophyte, and 
one red algal species (the most abundant taxon). Submerged wood and vascular plants had periphyton 
communities that most closely represented the overall (all substrates combined) community structure. Glass 
slides and gravel samples yielded similar rank order of the prominent diatoms. The relations among the 
proportions of algal divisions, upstream and downstream from the crossings, did not change after the 
crossings were modified. The major source of variability in the periphyton was seasonal changes in 
community structures. The evidence for rapid establishment of green algae, diatoms, and blue-green algae 
indicates that long-term ecological effects from crossing modifications are unlikely. The periphyton 
community structure at sites near the low-water crossings indicates that these streams are oligotrophic 
(characterized by low nutrient concentrations and low biological production) and generally unaffected by 
anthropogenic activities.
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Appendix A

Stream habitat data collected at four streams at the Fort Polk Military 
Reservation, Louisiana, November 1999

Stream habitat data are presented in six tables (A1-A6). Explanations adapted from Fitzpatrick and 
others (1998).

Transect 1 Transect at the upstream boundary of the stream reach

Transect 2 Transect at the center of the stream reach

Transect 3 Transect at the downstream boundary of the stream reach

CL Clay, generally less than 0.004 millimeters; determined in field by feel and taste

SI Silt, generally fine material 0.004 - 0.06 millimeters in diameter; determined in field by feel and taste

SA Sand, gritty material 0.06 - 2.0 millimeters in diameter; determined in field by feel and ruler

SA/GR Mostly sand, with some gravel

SA/SI Mostly sand, with some silt

SI/SA Mostly silt, with some sand

GV Gravel, coarse material 2-64 millimeters in diameter; determined in field with ruler

GR Grasses

WD Woody debris and snags

OV Overhanging vegetation (terrestrial)

UCB Undercut banks

ME Macrophytes-emergent (rooted to the bottom with parts extending above surface)

MA Macrophytes-submerged (grow under water, and depend on water column for support)

CC Bank description, concave upwards

CV Bank description, convex upwards

LN Bank description, linear bank

SCB Slightly cut bank scalloping

MCB Moderately cut bank scalloping

HD 1 Hardwood trees, at least 2 meters high and diameter at breast height of at least 3 centimeters

P 1 Pine trees, at least 2 meters high and diameter at breast height of at least 3 centimeters

SH 1 Shrubs

Depth In wadeable reach, the water depth between the water surface and the bed substrate

1 Woody vegetation is listed in order of relative abundance.
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Table Al. Locations and sampling conditions at reaches of four streams at the Fort Polk Military Reservation,
Louisiana, November 1999

Reach location

Upstream

At crossing

Downstream

Upstream

At crossing

Downstream

Upstream

At crossing

Downstream

Upstream

At crossing

Downstream

Transect . ... . . .. . . Latitude Longitude number °

Big Brushy Creek

1

2 31°02'31" 92°54'44"
3

1
2
3

1
2 31°02'30" 92°54'44"
3

Tributary to Big Brushy Creek

1

2 31°03'13" 92°55'22"
3

1
2

3

1
2 31°03'13" 92°55'21"

3

Little Brushy Creek

1

2 31°02'48" 92°56'29"
3

1
2
3

1
2 31°02'47" 92°56'29"
3

Tributary to East Fork of Sixmile Creek

1

2 31°02'20" 92°57'53"
3

1
2
3

1
2 31°02'19" 92°57'53"
3

Sampling conditions

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage

Sunny, slightly falling stage
Sunny, slightly falling stage
Sunny, slightly falling stage
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Table A2. Channel characteristics for reaches of four streams at Fort Polk Military Reservation, Louisiana,
November 1999

[Distance between transects: measured between transects 1 and 2 and between transects 2 and 3. Habitat type: WD, woody debris; ME, macrophytes 
- emergent; UCB, undercut banks; <, low amounts; OV, overhanging vegetation; R, roots; GR, grasses; L, leaves; BL, blocks; O, organics; SCB, slightly

vut ucuijvo, ivj..n, ij.iaviuj.uijr two - ouunitigtu, .n., aigat, IVIA^U, iiiuuciatcij WUL ucu.iA.i3. -----, uu uciia, J-OJ, it XL uaiiiv, JAJJ, iigiii uaiuvj

Reach 
location

Tran 
sect 
num 
ber

Mean 
chan 

nel 
width 
(feet)

Curvi- Distance 
linear between 
reach tran- 
length sects 
(feet) (feet)

Curvi 
linear 

distance 
from 

reference 
(feet)

Geo- 
morphic 
channel 

units Channel features Habitat type

Big Brushy Creek

Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

13
10
11

7
13
11

12
10
12

20
50

30

12
24

12

20
35

15

70
50
20

.....
-----
-----

25
45
60

Run
Riffle/run
Run

Run
Run
Riffle

Riffle
Run
Run/pool

Shelf upstream
Bar/island downstream
None

None
None
None

LB - bar; center island
RB-bar
None

WD, ME, UCB, <OV
WD, ME, OV, UCB
WD, UCB, R, GR, L, <OV

BL,GR
BL,GR
BL,GR

WD, OV, R, UCB, L, O
OV, WD, UCB, R, L, O, <GR
WD, UCB, O, R, <OV

Tributary to Big Brushy Creek

Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

2.5
3.0
1.5

6
6.5
2

7
5
4

45
35

20

8
16

8

10
30

20

95
50
30

._...

-----

10
20
40

Run
Run
Run

Run/pool
Pool/run
Run/pool

Pool
Pool/run
Pool

Tree, island just upstream
Island
Island

None
None
None

None
None
None

WD, OV, UCB, R, O, L, GR
WD, OV, UCB, R, L, O, GR
WD, OV, UCB, R, GR

BL, WD, OV, R, SCB, L, O
BL,GR
BL, GR, O, WD, <OV

WD, OV, UCB, L, O, R
WD, OV, UCB, L, O, R
WD, OV, UCB, L, O, GR

Little Brushy Creek

Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

35
11
11

7
6
7

11
14

8

40
70

30

10
20

10

15
30

15

80
40
10

.__..

.....

10
25
40

Pool
Pool
Pool

Riffle/run
Riffle/run
Riffle/run

Run
Run
Run

None
None
None

Ledge
None
Ledge/waterfall

None
None
Bar

WD, O, UCB, GR, <MA
WD, OV, UCB, <MA
WD, OV, R, UCB, L, O, GR, <MA

BL,A
BL,A
BL,A

WD, OV, <UCB
OV, WD, <UCB, <MA
WD, <OV, <UCB

Tributary tp East Fork of Sixmile Creek

Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

7.5
9
9

6
7
5

5.5
8.5
8

15
35

20

7
14

7

12
22

10

45
30
10

.....
  
.....

10
22
32

Run/pool
Run/pool
Pool

Riffle
Riffle
Riffle

Run
Run/pool
Run

Stump
None
None

None
None
None

Bar
Severe cut bank
Bar

WD, OV, R, UCB, L, O
WD, OV, MCB, O
WD, OV, SCB, L, O, R

BL, <WD
BL
BL

UCB, WD, R, OV, GR
UCB, WD, OV, R, L, O
WD, OV, UCB, R, O, L
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Table A2. Channel characteristics for reaches of four streams at Fort Polk Military Reservation, Louisiana,
November 1999 Continued

Reach 
location

Upstream

At crossing

Downstream

Tran 
sect 
num 
ber

1
2
3

1
2

3

1
2
3

Wetted 
channel 

width 
(feet)

13
10
11

7
13
11

12
10
12

Bank width 
(feet)

LB

7
8
7

55
55
55

10

7
7

RB

7
5
6

40
40
40

8
11
3

Bankful 
channe 

- width 
(feet)

27
23
24

102
108
106

30
28
22

1 
1 Notable channel features

LB Center RB

Big Brushy Creek

Shelf Log
Tree branch Island downstream

Stump

Blocks
Blocks
Blocks

Island
Tree over channel
Bridge over channel

Aspect 
(de 

grees)

240
205
190

190
180
175

185
215
200

Tributary to Big Brushy Creek

Upstream

At crossing

Downstream

Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

1
2
3

1
2

3

1
2
3

2.5
3
1.5

6
6.5
2

7
5
4

35
11
11

7
6

7

11
14

8

1.5
2
3

11
20
12

6
6
3

4
6
2

13
13
13

3.5
3
3

7
3
3

25

30
15

10
11
5

3
3
7

17
17
17

3.5
3
5

11
8
7.5

42

56.5
29

23
23
11

42
20
20

37
36
37

18
20
16

Island/tree upstream
Roots
Channel splits (very low flow)

Tree, shrubs
Blocks

Organic High organic matter Organic

Roots
Roots Small waterfall

Tree, roots Roots
Little Brushy Creek

Submerged debris (logs/branches)
Roots Log Roots

Ledge

Waterfall

105
80

100

90
90
45

120

110
100

No flow
180
190

195
200
210

240
190
170

Tributarv to East Fork of Sixmile Creek

Upstream

At crossing

Downstream

1
2

3

1
2
3

1
2

3

7.5
9
9

6
7
5

5.5
8.5
8

2
1.5

7

15
15
14

5

3
3

3.5
3
5

15
14
15

8
3

8

13
13.5
21

36
36
34

18.5
14.5
19

Tree (stump)

Bar

Log; woody debris
Tree Logs Roots

200
265
300

270
270
275

260
190
230
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Table A3. Riparian characteristics for reaches of four streams at Fort Polk Military Reservation, Louisiana,
November 1999

[Land use: SW, shrubs or woodlands. Vegetation type: SH, shrub; P, pine; GC, ground cover; HD, hardwood; GR, grasses; BL, blocks; B, bamboo; 
F, ferns; EV, evergreen; R, roots; CY, cypress. LB, left bank; RB, right bank; <, less than indicated value; *, small amounts]

Reach 
location

Tran 
sect 
num 
ber

1

Canopy 
angle 

(degrees)

Distance 
from 
water 
to eye
(feet)

Percent riparian 
canopy closure 
(densiometer)

LB RB

Dominant riparian 
land use

LB RB

Riparian woody vegetation type

LB RB

Big Brushy Creek

Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

20
10
0

100
100
45

5
5-10

25

3
4.5
4.5

5
5
5

5.5
4.5
4.5

77
85

100

65
33
92

100
96
96

88
100
100

85
8

15

85
100
92

SW
SW
SW

Other: road
Other: road
Other: road

SW
SW
SW

SW
SW
SW

Other: road
Other: road
Other: road

SW
SW
SW

SH/P/GC
SH/HD/P
HD/SH/GC

BL/SH/GR/HD/GC
None
BL/HD/SH/GC/GR

HD/SH/GC/P
HD/SH/GC/GR
HD/SH/GC/GR

SH/GC/P/HD
SH/HD/P
SH/HD/GR/P

BL/GR/HD/GC/SH
None
BL/GR/GC/SH

HD/GC/P/SH
SH/HD/GC
SH/GC/HD/P/GR/B

Tributary to Big Brushy Creek

Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

0
5
5

20
25
20

<5

5
<5

4.5
4.5

5

5
5
5

4.5

5
4

100
100
100

77
69
77

100
100
96

100
98

100

96
92

100

100
96
96

SW
SW
SW

Other: road
Other: road
Other: road

SW
SW
SW

SW
SW
SW

Other: road
Other: road
Other: road

SW
SW
SW

HD/GR/SH/F
HD/F
F/GR/HD

BL/GR/SH/P
GR
BL/GR/SH/F

HD/SH/GR
GR/F/HD/SH
GR/HD/F/SH

SH/GR/F/P/HD

GR/SH
GR/F/SH

BL/GR/SH/HD

GR
BL/GR/HD/SH

HD/F/SH/GR
GR/F/HD/SH
F/HD/GR/SH

Little Brushy Creek

Upstream

At crossing

Downstream

1
2
3

1
2

3

1
2
3

25
15
45

120
120
120

45
15
30

1
1
1

4.5
4.5
4.5

2
1.5
4.5

88
81
42

19
12
23

100
100
96

88
77
54

46
35
15

42
100
77

SW
SW
SW

Other: road
Other: road
Other: road

SW
SW
SW

SW
SW
SW

Other: road
Other: road
Other: road

SW
SW
SW

HD/GR/SH
GR/SH/P
P/SH/GR

GR
None
None

SH/GC/F
HD/SH/GR/F
SH/GR/HD

P/GR/F/SH
F/GR/HD
GR/SH/HD

GR
GR
GR

GR/SH
SH/GR/HD/P
HD/GR/SH

Tributary to East Fork of Sixmile Creek

Upstream

At crossing

Downstream

1
2

3

1
2
3

1
2
3

<5

10

40

50
35
25

0
0
0

3
3
3

5
5
5

5
4
4

100
100
85

58
73
85

100
100
100

92
77
77

81
81
85

96
100
96

SW
SW
SW

Other: road
Other: road
Other: road

SW
SW
SW

SW
SW
SW

Other: road
Other: road
Other: road

SW
SW
SW

SH/HD/GC/EV
SH/HD/GC
SH/GC/HD/EV

BL/GR
*GR

BL/GC/GR

HD/SH/GC
HD/GC/R
HD/CY/GC/SH

SH/F/GC/GR
SH/GC/HD

SH/GC/GR

BL/GR
BL
BL/GC/GR

SH/HD/GC
SH/GC/R
GC/HD/SH

67



Table A4. Bank characteristics for reaches of four streams at Fort Polk Military Reservation, Louisiana,
November 1999

[Bank shape: L, linear; CC, concave; CV, convex. Bank substrate: CL, clay; SA, sand; SI, silt; GV, gravel; O, organic; BL, blocks; GR, grasses; 
*, small amounts. LB, left bank; RB, right bank; <, less than indicated value; bank stability index: 1 is low, 2 is moderate, and 3 is high]

Reach 
location

Tran 
sect 
num 
ber

Bank 
angle 

(degrees) Bank shape
LB RB LB RB

Bank 
height 
(feet)

LB RB
Bank substrate

LB RB

Bank vegetation 
cover 

(percent)
LB RB

Bank 
Stability 

Index
LB RB

Big Brushy Creek
Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

30
60
75

35
30
35

50
75
75

60 L/CC/CV
80 CV/L
65 CV

10 L
20 L
25 L

70 CV/L
40 CV
65 L/CV

L/CV
CV
CV

L
L
L

CV
L
L

4.0
4.0
5.0

4.25
4.25
4.25

4.0
5.0
3.0

5.0
4.0
3.0

3.5
3.5
3.5

4.0
5.0
3.0

CL/SA/SI/GV
SI/CL/GV
SI/SA/GV

BL/GV/SA/*SI
BL/GV/SA
BL/GV/SA

GV/SA/SI
SI/CL
SI/CL/O

SA/SI/CL
SI/CL/GV
SI/CL/GV/O

BL/GV/SA/*SI
BL/SA/GV
BL/GV/SA

SI/SA
SA/SI/GV
SI/CL/SA

70
80
70

80-90
None
80-90

65
90
90

60
80

70-80

80
None

70

70
70
70

3 3/2
3/2 3/2

3 3

3 3/2
3 3
3 3

3 3
3 3
3 3

Tributary to Big Brushy Creek
Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

60
80
60

10
10
10

25
20
30

20 L/CV
30 L
30 L

10 L
5 L

15 L

20 L
20 L
20 L/CV

L
L
L

L/CV
L
L/CV

CC/L
L/CC
L

1.25
2.0
1.5

1.5
1.5
1.5

1.5
1.5
2.5

1.0
1.5
1.5

1.5
1.0
1.5

1.0
1.5
2.0

SI/CL/SA
O/SI/CL
SI/CL

BL/SI/CL/O
BL/GV/O
BL/SI/GV/O

SI/CL
SI/CL/O
SI/CL

SI/CL
SI/CL
SI/CL

BL/SI/CL/O
BL/GV/O
BL/SI/GV/O

SI/CL/GV
SI/CL/O/SA
SI/CL

60
75
75

90
<5

65

65
60
70

60
60
75

80
<5

65

75
70
70

3 3
3 3
3 3

3 3
3 3
3 3

3 3/2
3/2 3

3 3
Little Brushy Creek

Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

50
80
75

<10
<10
<10

80
80
50

60 L
80 CV/CC
50 L

<10 L
<10 L
<10 L

30 CV
30 L
20 CV

L
L/CC
L/CC

L
L
L

L
L
L

1.5
1.5
1.5

<1.0
<1.0
<1.0

2.5
2.0
2.0

0.5
1.0
1.0

1.5
1.5
1.5

1.5
3.0
1.5

O/SI/CL
O/SI/CL
0/SI

BL/GV/GR
BL/GR
BL/GV/GR

SA/SI
SI/O
SI/O/SA

O/SI/CL
SI/0
SI/0

BL/GV/GR
BL/GR
BL/GV/GR

SA/SI/GV
GV/SA/SI
GV

70
90
95

100
100
100

80
80
70

70
80
95

100
100
100

70
75
30

3 3
3 3
3 3

3 3
3 3
3 3

3 3
3 3
3 3

Tributary to East Fork of Sixmile Creek
Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

60
90
60

20
20
20

60
70
70

70 CV
60 CC
65 L/CV

25 L
25 L
25 L

50 CV/L
80 L/CV
50 CC/CV

CC
CV/L
L/CV

L
L
L

CV
CC/CV
L/CV

5.0
5.5
5.0

1.5
1.5
2.0

2.75
4.0
3.5

4.0
4.0
4.5

1.5
1.5
2.0

4.0
5.5
3.0

SI/CL
CL/SA
SI/CL

BL/SI/GV
BL/SI/SA/GV
BL/SA/GV

SA/SI
SI/SA
SI/SA

SI/CL
CL/SI
SI/CL

BL/SA/SI
BL/SI/SA/GV
BL/GV/SA

SI/SA
CL/SI/O
SI/SA

50
70
50

50
<1

40

45
40
70

60
50
60

60
0

40

50
50
60

3 3
3 3
3 3

3 3
3 3
3 3

3 3
3 3
3 3
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Table A5. Transect characteristics for reaches of four streams at the Fort Polk Millitary Reservation, Louisiana,
November 1999

[Bank erosion: SCB, slightly cut bank; UCB, undercut bank; MCB, moderately cut bank; CB, cut bank. Habitat cover features: WD, woody debris; 
OV, overhanging vegetation; MA, macrophyte - submerged; ME, macrophyte - emergent; R, roots; BL, blocks; *, small amounts; O, organics; GR, 
grasses; L, leaves. Depths are indicated for left and right banks (LB and RB) and for 25-percent intervals of channel width at measured transect.

<, less than indicated value;   , no data]

Reach 
location

Transect 
number

Bank erosion; deposition

LB RB Habitat cover features LB

Depth (feet)

25 50 75 RB

Big Brushy Creek

Upstream

At crossing

Downstream

1
2
3

1
2

3

1
2
3

SCB

None; deposition
SCB

None
None

UCB

SCB
UCB
SCB

SCB; deposition
MCB
SCB/MCB

CB
None

None; deposition

SCB/UCB
Deposition
SCB

WD, OV, UCB, MA, ME, R
WD, OV, UCB, MA, R
WD, OV, UCB, MA, ME, R

BL, MA, *OV
BL
BL, UCB, MA, *OV

WD, OV, UCB, R
WD, OV, UCB, R
WD, OV, R, *UCB

0.15
.2
.35

.25

.25
<-l

.1
1.6
.7

0.35

.4

.4

.5

.35
<-l

.25

.9

.75

0.5
.7
.6

.5

.35

.1

.2

.75

.7

0.3
.7
.85

.5

.2

.25

.65

.45

.4

0.6

.75

.85

.1

.1
< !

.4

.1

.65
Tributary to Big Brushy Creek

Upstream

At crossing

Downstream

1
2

3

1
2
3

1
2

3

CB
UCB
UCB

None
None
None

UCB
None

SCB

UCB
UCB

CB

CB
None
None

SCB
UCB
UCB

WD, OV, UCB, ME, R
WD, OV, UCB, R, O
WD, OV, UCB, R, O

BL, WD, OV, UCB, ME, R
BL
BL, WD, GR, OV, ME

WD, OV, UCB, R, ME, L, O
WD, OV, UCB, R, ME
WD, OV, UCB, R

.4

.7

.5

.1

.2

.1

.9

.3

.6

 
  -

  -

.2

.3

.2

.9

.4

.9

.6

.9

.6

.3

.3

.3

.9

.4
1.4

  -

  -

.2

.3

.2

.6

.5
1.4

.55

.6

.5

.1

.1

.1

.5

.4
1.0

Little Brushy Creek

Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2

3

UCB
MCB
MCB

None
None
None

SCB
MCB
SCB

SCB, UCB
SCB
SCB

None
None
None

Deposition
None
Deposition

WD, OV, UCB, ME, MA, R
WD, OV, UCB, ME, R, MA

WD, OV, UCB, R, MA

BL,GR
BL
BL, GR

WD, OV, UCB, ME, MA, R
WD, OV, UCB, MA, R
WD, OV, UCB, R, MA

4.6
3.8
2.6

.1

.1

.1

2.0
1.9
.4

5.8
4.2

3.4

.3

.3

.1

2.7
4.3

.8

7.0
4.7
4.4

.3

.4

.3

4.6
4.5

.6

5.7
5.4
3.1

.3

.3

.2

2.3
3.0

.7

3.4
4.4
1.0

.1

.1

.1

1.2
1.4

.3
Tributary to East Fork of Sixmile Creek

Upstream

At crossing

Downstream

1
2
3

1
2
3

1
2
3

SCB

MCB
SCB

None
None
SCB

SCB
CB
CB

SCB
SCB
MCB

None
None
None

MCB
SCB
CB

WD, OV, UCB, ME,
WD, OV, UCB, R, O, ME
WD, OV, R, UCB, ME

BL, WD, UCB
BL,GR
BL, GR, UCB

WD, OV, UCB, R
WD, OV, UCB, R
WD, OV, UCB, R

1.0
1.3

.7

.1

.1

.1

.5

.6
1.2

1.8
2.4
1.6

.1

.1

.1

.5
1.2
1.7

2.3
2.0
2.3

.15

.2

.1

.4
1.9
1.1

1.9
1.9
2.0

.1

.2

.1

.5
2.6
1.8

1.0

1.1
1.7

.1

.1

.1

.4
1.9

.5
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Table A6. Streambed characteristics for reaches of four streams at Fort Polk Military Reservation, Louisiana,
November 1999

[Bed substrate for left and right banks (LB and RB), and 25-percent intervals of channel width at measured transect: SA, sand; SI, silt; CL, clay;
GV, gravel; *, small amounts; L, leaves; O, organics; BL, blocks; +, large amounts. Embeddedness, for LB, RB, and 25-percent intervals of channel

width at measured transect, presented only if gravel present.  , no data, <, less than indicated value; >, greater than indicated value]

Reach 
location

Tran 
sect 
num 
ber LB

Bed substrate

25 50 75 RB

Embeddedness 
(percent)

LB 25 50 75 RB

Silt 
(per 
cent)

Big Brushy Creek

Upstream

At crossing

Downstream

Upstream 

At crossing

Downstream

1
2

3

1

2

3

1

2

3

1

2 

3

1

2

3

1

2

3

SA/SI/CL/GV 

SA/GV

SA/*GV

GV/SA 

BL/GV/SA

GV/SA

GV/SA

GV/SA

GV/SA

O/SI/CL 

O/SI/CL 

SI/CL/O

GV/SI 

BL/GV/SI

GV/SI

GV/SI

O/SI/GV/CL

SI/SA/GV

GV/SA 

GV/SA

SA/GV

GV/SA 

BL/GV/SA

GV

GV/SA

GV/SA

GV/SA

GV/SI 

BL/GV/SI

GV/SI

GV/SI

SA/*GV 

GV/SA

GV/*SA

GV/SA 

BL/SA/GV

GV/SA

GV/*SA

SA/GV

GV/SA

SA/GV/L 

GV/SA

GV/SA

GV/SA 

BL/SA/GV

GV/SA

GV/SA

SA/GV

GV/SA

Tributary to Big Brushy Creek

O/SI/CL 

O/SI/CL

SI/SA

GV/SA/SI GV/SI 

BL/GV/SI BL/GV/SI

GV/SI

GV/SI/O

SI/SA/GV/CL SA/GV

SI/SA/GV/O SA/GV/SI

GV/SI

SI/O

SI/SA/GV

GV/SI/SA/O

SA/O

GV/SA

GV/SA

GV/SA 

BL/GV/SA

GV/SA/*SI

SA/GV

SA/GV

SA/SI

O/SI/CL/GV/SI 

SI/CL/O

SI/SA

GV/SI 

BL/GV/SI

GV/SI

SI/CL/O

O/SI/GV

SI/SA/O/*GV

5 

40

100

5 

25

10

60

5

50

90 

90

40

30

100

100

5 

25

60

5 

5

<5

60

25

30

90 

90

90

50

100

100

80 

70

10

5 

0
<5

30

100

50

80
25

60

50

90
70

100   

70 30

20 60

5 5 

5 5

10 15

10 90

95 95

60  

  95

95 95 

80 90

60 95

   

90 100
40 100

5-10 
5-10

5-10

<5 

<5

<5

<5

5-10

5-10

50 

30 

20

10 

<5

10

30

40

25

Little Brushy Creek

Upstream

At crossing

Downstream

1 

2

3

1

2

3

1

2

3

GV/SA/O/SI GV/SA/SI 

O/SI/SA/CL/GV O/GV/SI/CL

O/SI/CL

BL 

BL

BL

GV/SA/SI

SI/SA/GV

GV

GV/SA/SI

BL/GV 

BL

BL

GV/SA/SI

SA/GV

GV

GV/SA/SI GV/SA/SI O/SI 

O/GV/SA/SI/CL +O/SA/SI/CL/GV +O/SA/SI/CL

GV/SA/SI

BL/GV 

BL/GV

BL/GV

GV/SA/SI

GV/SA

GV/SA

GV/SA/SI

BL 

BL

BL

GV/SI/CL/O

GV/SA

GV

O/SI/CL

BL 

BL

BL

GV/SI/CL/SA

SI/GV/SA

GV/SA/O

90 
>95
 

 

 

10

95

0

10

25

100

0

 

20

75

0

<5

95

50

0 

0

0

10

10
<5

<5  

0  
100  

   

   

10 50

5 100

0 0

<5

35

10

0 

0

0

<5

5-10

0

Tributary to East Fork of Sixmile Creek

Upstream

At crossing

Downstream

1

2

3

1

2

3

1

2

3

SI/SA/O 

CL/SI

CL/SI

BL/GV 

GV/BL/SA

GV/SA/BL

SA/GV

SA/SI

O/SA/SI

O/SI/SA 

CL/SI

CL

BL/GV/SA 

BL/GV/SA

GV/SA/BL

GV/SA

SA/GV

GV/SA/CL

CL/O

CL/SI/SA

CL/O

GV/SA 

BL/GV

BL/GV

SA/GV

SA/GV/O

GV/SA

SA/O/SI 

CL/SI

CL/O

GV/SA 

BL/GV

BL/GV/SA

O/SA/SI

SA/SI/GV

GV/SA

O/SI/SA 

SI/SA

O/SI

GV/SA 

BL/GV/SA

GV/SA/BL

O/SA/SI

O/CL

SA/CL/GV

 

 

10 

30

60

100
 

 

 

 

10 

0

30

30
100

50

 

 

20 

0

0

80

95
30

   

   

10 10 

0 20
50 10

   

100  

20 100

30 

20

10

<5

<5

<5

5
5-10

5-10
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